The Journal of 
Laboratory and Clinical 
Medicine 


VoL. 26 OcroBER, 1940 














THE SILVER ANNIVERSARY NUMBER 








We Celebrate Our Silver Anniversary 


The twenty-fifth volume of THE JoURNAL OF LABORATORY AND CLINICAL 
MEDICINE is completed. This issue inaugurates a second quarter century of 
service to medicine. 

Twenty-five and more years ago no single medical periodical adequately 
filled the gap between laboratory research and the application in the field of 
clinical medicine of those discoveries coming from this research. This JOURNAL 
was inaugurated primarily to serve as the connecting link between the labora- 
tory and clinical medicine. Clinical pathology was then in its infancy. Com- 
mon interests developed with those who were applying laboratory methods to 
clinical investigation. The JoURNAL soon became the standard medium for 
presentation of advances in clinical pathology. 

In the first volume the section on Laboratory Methods was written by the 
editors, as critical reviews. It soon became apparent that this department was 
the only available classified medium for the presentation of new laboratory tech- 
niques and apparatus. Contributions became so numerous that in the second 
volume the editors discontinued their review contributions. 

With the appearance of Volume XI original contributions to the section 
on Laboratory Methods required so much space that it was deemed advisable 
to inaugurate an additional department, Selected Abstracts and Reviews. With 
this, the JouRNAL could still call the attention of the readers to new advances. 

The Editorial Section continued with longer reviews, but as the JOURNAL 
grew, the volume of good material submitted was so large that the interval 
between the time of acceptance and the date of publication became too long. To 
provide more space editorials were discontinued in Volume XXI. 

Major emphasis through the twenty-five years has been on laboratory medi- 
cine. At the same time, to retain broad perspective, a reasonable proportion of 
purely clinical articles have been regularly accepted. As a rule, contributions 
with direct clinical application have received precedence, although a number 
which might be classed under pure research have been published, especially when 
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the editors have recognized the possibility of future use in clinical laboratory 
medicine. In this way the JourNAL has helped to facilitate the application of 
pure research to clinical problems. 

The JouRNAL has served another function, important for medical progress. 
From time to time it has opened its pages to new medical societies whose fields 
of interest combined the laboratory and the clinic, that they might have a 
medium for presentation of their transactions until they could organize and 
support their own periodicals. This service has been given to The American 
Society of Clinical Pathologists, The American Association for the Study of 
Allergy, and The American Rheumatism Association. 

The editors in celebration of the JouRNAL’s twenty-five years of service, 
believe that, instead of reviews of medical progress during that period, a sym- 
posium discussing most recent developments and their probable future implica- 
tions would be more consistent with the past and present policy of facilitating 
the progress of research. This Anniversary Issue looks forward, not backward. 
For this reason, it has seemed appropriate to celebrate the event at the inaugura- 
tion of the second quarter century, in Volume XXVI, rather than at the end 
of Volume XXV. 

The editors express their deep appreciation to the authors who have con- 
tributed to the Anniversary Number. They hope that their readers will derive 
as much satisfaction from perusal of these pages as they have in their prepara- 
tion. They believe that the subjects discussed will become increasingly impor- 
tant. Special effort has been made to avoid repetition of discussions which are 


readily available elsewhere. This applies, for example, to the sulfonamide com- 
pounds. 


The make-up of the JouRNAL has been altered from time to time to pro- 
vide for needs as they have arisen. A journal whose function is to mirror 
progress should not be static; it should experiment with new methods of pre- 
senting subject matter, with full realization that some of the trials may be 
unnecessary or unsatisfactory. In this event, there will be no hesitaney in 
altering or abolishing them. 

The commencement of a second quarter century of publication is an appro- 
priate time to put some of these tentative ideas into effect. To this end the 
JOURNAL announces certain additions to its departments. 

Clinical chemistry has assumed steadily increasing importance in labora- 
tory medicine. Articles in this field have been scattered in the departments 
devoted to Clinical and Experimental Investigation and Laboratory Methods. 
It is believed that a separate department of Clinical Chemistry will foeus in- 
terest in this field and will facilitate classification of the material presented. The 
new department of Clinical Chemistry will be edited by Dr. Victor C. Myers 
and Dr. Edward Muntwyler of Western Reserve University. 

The number of letters discussing editorial reviews of medical progress has 
in the past made the editors. deeply conscious of the interest which they have 
stimulated. It is regretted that space limitations required their discontinuance. 
Believing that progress reviews of this type serve a real function, the editors 
of the JOURNAL will again inaugurate reviews, but with a new, and it is hoped 
improved, method of approach. 
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The men best qualified to write progress reviews are those who are them- 
selves conducting pioneer investigations in the fields. From time to time there 
will appear, therefore, as leading articles, invitation contributions on subjects 
analogous to those presented in this Anniversary Number, and written by out- 
standing investigators. If these adequately fill a need, they will be made reg- 
ular sections of the JOURNAL. 

The importance of good illustrations has been recognized from the outset. 
The JOURNAL’s excellent photographie reproductions have been an outstanding 
feature. Not only has medical illustration become a specialty in its own right, 
but with the improvements of the last decade in precision photography, the 
physician often illustrates his own articles. Many have found photography < 
pleasant hobby and a useful one, since it can be used in connection with one’s 
work, 

The Journal of the Biological Photographic Association serves those deeply 
interested in scientific photography. Not limited to medicine, it covers all fields 
of science. 

The editors are of the opinion that a small department of medical illus- 
tration, covering photographie and other methods, will be of sufficient concern 
{o those readers now interested in photography, or to those who may become 
interested, to justify its establishment. This department, by broadening interest 
in the subject and providing an alternate medium for publication, will not 
compete with the Journal of the Biological Photographic Association, but will 
complement it and provide a classified department on other methods of medical 
illustration. It will be inaugurated in January under the editorship of Carl 
D. Clarke, Professor of Art as Applied to Medicine and Director of the Depart- 
ment of Art of the University of Maryland Medical School, who organized and 
first edited the Journal of the Biological Photographic Association. 

During its existence the JoURNAL has grown from approximately 950 pages 
of Volume I to over 1,300 pages in Volume XXV. The new departments will 
require either the addition of about 400 pages or some limitation on the nature 
of subjects now considered appropriate for acceptance. Suggestions and con- 
structive criticism on this point and on other subjects herein discussed, but par- 
ticularly with regard to any subject matter in the last few volumes which may 
have been of interest to too small a proportion of the readers to justify its 
publication, are welcome. 

The editor expresses his deep appreciation to all the writers who have 
contributed to the JouRNAL during his seventeen years of editorship, and to 
those whose earlier papers were accepted by: the first editor; writers whose con- 
tributions have given life to the JouRNAL and enabled it to serve adequately 
as a functionary in the progress of medical knowledge. 


WARREN T. VAUGHAN 





THE AUTONOMIC NERVOUS SYSTEM CONSIDERED IN RELATION 
TO EXPERIMENTAL AND CLINICAL PHENOMENA* 


DENNIS E. Jackson, Pu.D., M.D., CINCINNATI, OHIO 


[* A MANNER characteristic of the history of our times a contemporary 
wag has defined an adult as one who has stopped growing at both ends but 
continues to grow in the middle. This conception of a generalized entity com- 
posed of two ends and a middle, in either division of which growth, or at least 
change, may occur, coincides very well with our present conception and 
knowledge of the autonomic nervous system. Within recent years many 
changes, and a good deal of growth, have occurred in our understanding of this 
system. But not infrequently a change which at first appeared as growth has 
ultimately been found to be merely an added source of confusion. And in 
many respects our knowledge of the involuntary nervous system is still in an 
infantile or even an embryonic state. Current medical literature contains 
hundreds of references to such subjects as renin, renin-activator, angiotonin, 
ischemin, sympathin E and sympathin I, and intermedin; the carotid and aortic 
bodies and the corresponding sinus structures; choline-esterase, amine oxidase 
(see ‘‘sulfosynthase’’), adrenergic and cholinergic nerves, benzedrine, veritol, 
eorbasil, ‘‘933F,’’ prostigmine, paredrine, beta-erythroidine, and trasentin 
and trasentin-6H; failures frequently following surgery on the sympathetic 
nervous system because sensitization to adrenalin develops at the nerve end- 
ings; the remarkable and peculiar symptom complexes which occur in the 
presence of pheochromocytomata; desensitization to food proteins by pro- 
longed administration of mecholyl; the strange and often depressing mental 
and physical manifestations resulting from disturbances of the hypothalamus 
and related structures—these and numerous other new and unexpected experi- 
mental or clinical observations all tend to reveal the vast territory which the 
autonomic nervous system is rapidly usurping in the field of modern medicine. 
The names ‘‘sympathetic,’’ ‘‘autonomie,”’ ‘‘involuntary,’’ and ‘‘vegetative’’ 
are often (but not quite correctly) used synonymously in referring to this 
system. 


>? 


Anatomically the autonomic nervous system is considered to consist of 
two parts, the true or thoracicolumbar sympathetics emerging from the eighth 
cervical, and the thoracic and lumbar (to the third or fifth) divisions of the 
spinal eord, and the parasympatheties which pass out from the central nervous 
system in the third, seventh, ninth, and tenth cranial nerves and from the 
second to the fourth sacral segments of the cord. These primary emerging 
fibers are preganglionic, and they pass through greater or lesser distances to 
communicate with the nerve cells of the postganglionic fibers. The post- 
ganglionic fibers are highly specialized both as regards their anatomic dis- 


*From the Department of Pharmacology of the University of Cincinnati Medical College, 
Cincinnati. 
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tribution and their individual functions. All these fibers are efferent in 
character (see below for sensory counterparts). 


Returning to the structural conception of two ends and a middle, we may 
note that centrally the autonomic nervous system primarily originates in 
nuclei in the hypothalamus and in the medulla. But these centers have numer- 
ous connections, often unknown or at best only vaguely surmised, with higher 
divisions of the brain or with other neighboring nervous mechanisms. Mystery 
surrounds much of the workings of the hypothalamus, but it undoubtedly 
exercises a dominant control over many, perhaps most, of the functions of the 
autonomic nervous system. Through the hypothalamus and medulla impulses 
trom above permit mental stresses or strains or other psychologic states, gen- 
erally entirely unconsciously, to exert their influences on the more distal por- 
tions of the autonomic nervous system. Drugs may affect all these regions and 
the pharmacologic interpretation of these reactions may be exceedingly diffi- 
eult, and especially so if the effects are obscured, as would usually be the 
case, by more peripheral actions. If pathologic conditions in the hypo- 
thalamus, or in higher related structures, produce serious mental or physical 
changes, one can only conjecture as to how drugs may act on these structures 
in order to be therapeutically valuable to the patient. 


In recent years, a vast amount of work has been done to explain the actions 
which take place at the peripheral endings, both of the preganglionic and of the 
postganglionic neurones. Already one Nobel prize has been granted for work in 
this connection. Perhaps there is still room for another. When impulses pass 
outward over preganglionic fibers, both true sympathetic and parasympathetic, 
these impulses arrive in due course at the endings of these neurones around 
the nerve cells of the postganglionic neurones. At this point each impulse is 
now presumed, to cause the liberation of a minute quantity of acetylcholine 
which transmits the excitation to the next receptor, that is, the cell of the post- 
ganglionic neurone in this case. The liberated acetylcholine lasts for only 
the briefest instant of time, and then it is equally rapidly hydrolyzed by choline- 
esterase whic is always present due to its wide distribution in the tissues. An 
exactly similar action is also believed to oceur in striated muscles when 
nervous impulses pass out from the central nervous system over the cerebro- 
spinal motor nerves to striated muscle nerve endings. All preganglionic nerve 
endings, and all parasympathetic nerves whose endings are thus stimulated 
by acetylcholine, are designated as cholinergic. If eserine in small quantity 
is applied to these endings previous to stimulation of the nerves, it is pre- 
sumed to take up and destroy a certain amount of the esterase normally 
present. Thus, when a nerve impulse passes down the nerve fiber and 
liberates a charge of acetylcholine, the action of the latter will be prolonged 
as manifested in the muscle or gland cell by its increased or prolonged 
activity. In certain instances, such as the sweat glands, nerve fibers which 
anatomically belong to the thoracicolumbar sympatheties are cholinergic in 
action and pharmacologically react as do the parasympathetic nerves. 


For many years a queer problem was presented by the results following 
electrical stimulation of certain true sympathetic nerve fibers. In some cases 
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smooth muscle contracted, in others it relaxed. When adrenalin was found 
to produce similar results, it was surmised that there must be some difference 
in the chemical constitution of those muscles, yet no analyses could demon- 
strate this. A little later on a considerable shifting of viewpoints led to the 
almost universal use of adrenalin to detect the presence or absence of true 
sympathetic nerve endings. But the problem of contraction in some cases and 
inhibition in others still remained: Within recent years, however, a number 
of new conceptions have been advanced in the hope of explaining these 
phenomena. It is now presumed that impulses passing down the true sym- 
pathetic nerves (except those which are cholinergic in nature) cause the 
liberation of adrenalin (Dale) at the terminal endings of these fibers, and that 
this adrenalin transmits the excitation to the muscle or gland eell. Cannon 
and his co-workers have advanced the view that either adrenalin or some 
similar substance is liberated by the nerve impulses, and that this substance 
at once unites with one or the other .of two substances (E and I) already 
present at the nerve endings to form sympathin E (effector) or sympathin I 
(inhibitor). If strong stimulation of the nerve leads to formation of exces- 
sive amounts of either sympathin E or sympathin I, then this may be earried 
away in the blood stream (or perfusion fluid) and produce corresponding 
results on other similarly innervated tissues. Nerves of this character are 


designated as adrenergic. 
The method hy which adrenalin is inactivated in the body has been a 


standing question. Gaddum and Kwiatkowski! (1938) have advanced the 
view that adrenalin is oxidized in the body by amine oxidase. As supporting 
evidence of this, they note that ephedrine increases the action of adrenalin and 
also that ephedrine inhibits the action of amine oxidase. This view corre- 
sponds to that of the action of choline-esterase and eserine as they affect the 
action of acetylcholine. 

Opposed to this view, recent admirable work has been published by 
Richter? in which he finds that adrenalin is excreted in the urine in a con- 
jugated (sulfate ester) form. This conjugation probably takes place largely 
in the liver, and while some adrenalin may be oxidized by amine oxidase, still 
conjugation is a more rapid process and is probably the method by which 
most of the adrenalin disappears from the body. The conjugation is effected 
by the ‘‘sulfosynthase’’ system which is responsible for the conjugation of 
sulfate with phenols in the body. The liver is particularly effective in re- 
moving both adrenalin and phenols from the circulating blood. Since poly- 
in the process of conjugation, it might be 


”? 


phenols use up ‘‘sulfosynthase 
expected that administration of polyphenols, together with adrenalin, would 
lead to an augmentation and prolongation of the action of the adrenalin. This 
has been shown to occur. In a general way, therefore, the interactions of 
eserine, choline-esterase, and acetylcholine in the cholinergic system would 
correspond to polyphenols, ‘‘sulfosynthase,’’ and adrenalin in the adrenergic 
system. 

A further interesting point has also been brought out by Richter. It 
has generally been stated that adrenalin is only slightly, if at all, active when 
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taken by stomach. Richter has found that adrenalin is active when admin- 
istered orally and will produce, over an extended period, the usual actions of 
the drug, but in a less acute degree. As adrenalin is ordinarily taken by mouth, 
most of the drug is oxidized in the gut. This oxidation can be mainly avoided 
by taking the adrenalin (e.g., dose 15 mg. adrenalin) with 0.1 Gm. glycine 
and 10 ¢.c. of 1 per cent acetic acid in 50 ¢.c. of water; up to 70 per cent of the 
adrenalin thus taken has been recovered (in conjugated form) in the urine. 
No free adrenalin has been found in the urine, and the presence of the drug 
‘annot be detected until the conjugated drug has been hydrolyzed by boiling 
(the urine) with sulfuric acid. After purification and proper chemical 
manipulations the recovered free adrenalin gives a positive reaction with as 
many as seven chemical and color tests and also produees inhibition of isolated 
strips of intestine. It has also been shown that corbasil, epinine, and d- 
adrenalin, as well as l-adrenalin (the natural form), are all eliminated in the 
urine in corresponding conjugated forms. In all these cases the derivatives 
formed are apparently the sulfate esters, and conjugation occurs on one of the 
phenolic hydroxyl groups. This method of inactivation of sympathomimetic 
amines probably holds good also for many other members of the group, but not 
for all. 

It has been the usual custom to consider the autonomic nervous 
system as a purely and solely efferent or motor system. But it must be 
fully recognized that there is a sensory counterpart in most, if not in all, 
autonomie actions. The sensory impulses which initiate autonomic motor 
effects are transmitted centrally over sensory fibers belonging to the cere- 
brospinal system. These fibers have their sensory cells in the posterior root 
ganglia of the spinal nerves or, in the case of the cranial nerves, in the cor- 
responding sensory ganglia on the course of these nerves, such as the Gasserian 
ganglion on the fifth nerve and the ganglion jugulare and the ganglion nodosum 
on the tenth nerve. Throughout life enormous numbers of sensory impulses 
must be constantly passing into the central nervous system from most of the 
organs and structures of the body. These impulses set up numerous reactions 
in the sympathetic nervous system that must very generally be considered 
as reflex in nature. Some of these reflexes may be fairly simple in character, but 
others are extraordinarily complicated. Clinically they may represent the 


nervous mechanisms involved in an endless. variety of aches, pains, swellirigs, 
indigestion, cardiac irregularities, blood pressure changes, secretory disturb- 


anees, metabolic or temperature variations, ete. 

It was observed by Dale many years ago that an injection of adrenalin, 
following a sufficient dose of ergotoxine intravenously, caused a fall in blood 
pressure instead of the usual rise. This was interpreted as being due to a 
paralysis of the vasomotor constrictor nerve endings by the ergotoxine, so that 
following this adrenalin could only stimulate the vasodilator endings which 
ergotoxine was presumed not to paralyze. Rothlin arrived at the conclusion that 
ergotoxine, at least in large doses and in some locations, had a paralyzing action 
on certain sympathetic inhibitory endings as well as upon the motor endings. 
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In recent years various observers have obtained different reactions in tissues by 
a number of different drugs when different anesthetics were used. In certain 
instances this phenomenon may be very striking; perhaps it has not been 
sufficiently appreciated in the older investigations of sympathomimetic drugs. 
A relatively new preparation, ‘‘933F’’ (F stands for Fourneau who introduced 
the substance) piperidomethy]-3-benzodioxane, has been found to have a para- 
lyzing action on sympathetic endings similar to that of large doses of ergotoxine. 
Small doses of ergotoxine stimulate motor sympathetic nerve endings like 
_adrenalin, but large doses paralyze these endings. 

Page® and his co-workers have recently made a number of interesting ob- 
servations on the vasopressor substance obtained from the kidney. This sub- 
stance is called renin, but renin is not active until it has combined with an 
activator contained in the blood, and this combination (of the two substances) 
has been named angiotonin. Crystalline derivatives have been prepared from 
angiotonin which is an active vasopressor substance. , It appears to act pharma- 
ecologically in a manner similar to that of pitressin. Another substance ob- 
tained from the kidney by Prinzmetal, Lewis, and Leo* also has a vasopressor 
action and has been named by them ischemin. The chemical constitution or 
identity of these preparations has not yet been worked out. One can only 
speculate at the present as to what relationship, if any, these kidney products 
may bear to clinical hypertension. There appears to be some connection be- 
tween the action of these preparations and the influences which the central 


nervous system exercises over chronic hypertension. The sympathetic nervous 
system is probably involved in the pathologic reactions necessary to the main- 
tenance of this state. The work of Goldblatt and the recent experiments of 
Dock® throw some light on the still obscure problems here involved. 


Marrazzi® has recently advanced the view that adrenalin, or an adrenalin- 
like substance, produces inhibition when present in minute (but sufficient) 
quantities (generated at the inhibitory endings) in the synapses in sympathetic 
ganglia. This counteracts the stimulating effects of acetylcholine which is gen- 
erated at the (motor) synapses in these ganglia when nerve impulses from the 
cord or brain reach the ganglia. Experimentally adrenalin (or sympathin) 
may be produced in the body in sufficient quantity to bring about this type of 
inhibition by stimulating the nerves to the adrenal glands or other sym- 
pathetically innervated organs. 

A generation or so ago hopes were held out that a careful study of the 
chemical structure and formulas of drugs would ultimately lead to a rational 
explanation of how they act. In particular, a careful comparison of the 
formulas of related substances, such as the sympathomimetic amines like 
adrenalin, tyramine, epinine, ete., was expected to throw great light on the pre- 
diction of how any given compound would act in the body even without trying 
it out. This was a kind of biochemical conception of pharmacology. To what 
vagaries and delusions this line of reasoning may lead one is well illustrated by 
observations made by Koppanyi and his co-workers’ relative to the so-called 
vasomotor reversal produced by ergotoxine r ergotamine with reference to 
the rise or fall produced in the blood pressure by adrenalin when different 
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anesthetics are used. These authors found that ergotamine or ergotoxine in 
doses of 0.2 to 4.0 mg. per kilogram in cats usually produces vasomotor reversal 
to adrenalin under urethane, but not under barbiturate anesthesia. In the 
latter, the adrenalin pressor effects were usually increased in height and always 
in duration. Thus urethane anesthesia constitutes the most favorable, and 
barbiturate narcosis the most unfavorable, condition for the elicitation of 
vasomotor reversal to adrenalin. Under barbiturate narcosis there is a dis- 
tinet synergism between epinephrine and the ergot alkaloids. Blood pressure 
rises produced by adrenalin are often higher after ergotoxine or ergotamine 
than from control injections, and are always more prolonged. Massive doses 
of ergotoxine or ergotamine in barbiturate narcosis diminish or abolish the 
rises from epinephrine without producing reversal. Physostigmine or pros- 
tigmine facilitates vasomotor reversal under urethane anesthesia, while large 
doses of atropine administered before the ergot alkaloids in urethanized animals 
prevent reversal by epinephrine. Koppanyi and his collaborators further find 
that since the action of a single effective dose of ergotamine lasts for several 
hours, it is possible to produce vasomotor reversal under urethane anesthesia, 
and after recovery from urethane to administer a short-acting barbiturate and 
produce in the same animal a potentiated, instead of a reversed, epinephrine 
effect. Conversely, it is possible to use a short-acting thiobarbiturate, such as 
pentothal, and obtain a potentiated epinephrine response following ergotamine, 
and after the recovery of the animal from the barbiturate, to give urethane and 
obtain a vasomotor reversal to adrenalin. Thus the difficulty of determining 
how or where a single member of a series of compounds acts is seen. The 
complications will increase when predictions for other members of the series, 
or for entirely different drugs which have similar pharmacologic actions, are at- 
tempted. 

Barbiturates* appear to depress or paralyze the vagus ganglia in the heart. 
Pilocarpine or acetyleholine may still slow the heart, while eserine may restore 
the excitability of the vagus but may not spontaneously slow the heart rate. 

Actions mediated partly or entirely through the autonomic nervous system 
may be so extensive and involved that one cannot fathom all the changes that 
may be taking place at a given moment. But by special experiments in which 
only a small number of reactions may be studied at any one time, a fairly com- 
plete, composite picture may usually be built up to explain any special 
phenomenon as a whole. 

One of the simpler autonomic reactions is that by which the systemic blood 
pressure is raised in the presence of asphyxia. The asphyxia may be produced 
in many ways, but experimentally stoppage of the respiration by electrical 
stimulation of a vagus nerve is perhaps the most common. Fig. 1 shows the 
effects of asphyxia, not by vagus stimulation, but by stoppage (twice) of the 
respiration (which was artificial) in a,curarized dog. When the respiration was 
stopped (at ‘‘off’’), asphyxia quickly developed. The blood pressure promptly 
rose. This was due primarily to stimulation of the aortic body by lack ‘of 
oxygen in the blood (hypodxia), but also partly to the stimulating action of 
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earbon dioxide in the venous blood on the vasomotor center in the medulla, 
and to some further stimulation (by the hypodkia) of the earotid body. 
Sensory (chemo-) reflexes pass from the aortic body (over the vagus nerve) 
and from the carotid body (over the branches of the sinus nerve) to the 
medullary centers in which the necessary readjustments are made, so that 
efferent impulses can be sent out over the true sympathetic system to cause 
on’’) quickly 


c¢ 


the rise in blood pressure. Resumption of respiration (at 
causes a return to normal as the blood is again reoxygenated. 
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Fig. 1.—For discussion see text. 


Iig. 2 shows the action of paredrinol on the walls of the nasal sinuses and 
passages, on the blood pressure, and on the respiration. Here marked stimu- 
lation of the vasoconstrictor nerve endings caused a prompt and prolonged 
constriction of the vessels in the walls of the nasal passages (nose record) and 
a rise in blood pressure. As the blood pressure rises, the heartbeat becomes 
slower (increased pulse pressure shown by the mereury manometer tracing), 
until finally, at the highest point, the pressure suddenly drops and an extended 
series of very slow beats ensue. These slow beats are due primarily to the 
reflex action of the carotid sinus nerves. These nerves (endings) are stimu- 
lated by the increased tension (stretch) in the walls of the carotid sinuses, 
and impulses are quickly sent to the medullary center from which reflex im- 
pulses are sent to the heart over the inhibitory vagus fibers. These slow the 
heartbeat. A vasodilator action (not identifiable in this record) may also 
have been present but concealed by the peripheral action of the drug. See 
also diseussion of Fig. 12. 
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Fig. 2.—For discussion see text. The nose record was made by means of a tambour con- 
nected with rubber tubing to one nostril into which a short piece of glass tubing was inserted 
(airtight). The other nostril was closed tightly by means of a clamp. The soft palate was held 
firmly pushed back against the posterior wall of the nasopharynx by means of a soft rubber 
ball attached to the end of a metal rod. The free end of the rod rested tightly against the 
upper incisor teeth, and the whole rod was held in place by means of a clamp which closed 
over the rod and around the animal’s nose. This arrangement held the posterior nasal cavity 
closed airtight, so,that changes in the vessels of the walls of the sinuses and air passages could 
be readily recorded by air transmissions to the tambour. 





Fig. 3.—For discussion see text. 
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Fig. 3 shows actions similar to those of Fig. 2, but in Fig. 3 paredrine was 
injected and the inhibitory action of the carotid sinus reflex was very much 
more extended. Artificial respiration was being carried out in this experi- 
ment, and this may have influenced the depth of the anesthesia somewhat. The 
more lightly the animal is anesthetized, the more active the inhibitory reflexes 
are likely to be. Formerly this vagus inhibitory action (slow heartbeat) was 
supposed to be due entirely to mechanical stimulation of the inhibitory center 
in the medulla by increase in intracranial pressure from the marked vaso- 
constriction produced (peripherally) by such drugs. Carotid reflexes have 
been found by various investigators to be greatly reduced, or abolished en- 
tirely, by certain anesthetics such as ether and most of the barbiturates. 
Clinically one might consider whether or not such an action would be bene- 
ficial or otherwise to a patient who was anesthetized for an operation. 
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Fig. 4.—For discussion see text. 


Fig. 4 illustrates the action of propadrine. A slight stimulation of the 
respiratory rate is present here, and it is often much more marked, for this 
and various other members of the sympathomimetic amines often stimulate the 
central nervous system in addition to their peripheral actions. 

Fig. 5 illustrates the action of benzedrine. It should be noted here that 
the drug was injected into the femoral vein. This is far removed from the 
mucous membranes of the nasal passages, yet these membranes show an im- 
mediate shrinking. The constriction of these vessels is exactly analogous to 
that which occurs in the kidney or spleen. 

Fig. 6 shows the action of neosynephrin, but in this case a striking ab- 
normality in the respiration is noted. This change is a variety of Cheyne- 
Stokes respiration and is due to the effects of the anesthetic (nembutal) 
rather than to the neosynephrin. The interrelations between the blood pres- 
sure and the respiration should be noted. 
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Fig. 5.—For discussion see text. 
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Fig. 6.—For discussion see text. A section of the record was omitted between the two parts 
here shown. 
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Fig. 7 demonstrates a variety of autonomic effects. At the beginning 
of the tracing injection of 3 ¢.c. of nembutal solution leads to a marked dilata- 
tion of the vessels in the nose. This is perhaps partly peripheral.but mainly 
central in action. It may also be partly due to ganglionic paralysis, for 
Koppanyi® has noted that the vagus ganglia in the heart are paralyzed by 
barbiturates. It is to be noted (near the middle of this record) that stimula- 
tion of the right (intact) vagus caused only a slight inhibition of the heart. 
The sympathetic fibers to the nose (with their synapses in the superior 
cervical ganglion) were still able to produce a nasal vasoconstriction. Pare- 
drine still produced its normal reaction. In the cervical region in dogs the 
sympathetic nerves for the head run (peripherally but up into the head) in 
the vagus trunks. Hence stimulation of the vagus trunk causes vasoconstric- 
tion in the nasal walls. 


Fig. 8.—For discussion see text. 


Figs. 8 and 9 show the action of parasympathetic drugs. The first record 
shows the effects of two injections of acetylcholine bromide. The rapid re- 
covery from large doses is evident. This is due to rapid destruction of the 
acetylcholine by esterase at the endings of the vagi nerves in the heart and 
also in the lungs, for the bronchi are strongly contracted by this drug. 


Fig. 9 illustrates the action of arecoline (after nicotine) on the post- 
ganglionic terminations of the vagi nerves in the heart. This leads to a 
marked inhibition and weakening of the heart with a corresponding fall in 
blood pressure, producing an asphyxia which is still further increased by 
bronchial constriction. The animal resists this asphyxia by increasing and 
greatly accelerating its respiratory efforts. This results in a somewhat ob- 
scuring effect on the respiratory tracing which was made by a tambour con- 
nected with a side tube of the tracheal cannula. 

Fig. 10 illustrates the ganglionic type of autonomic action. Nicotine first 
stimulates and then, if the dose is large enough, paralyzes all autonomic 
ganglia. Acetylcholine (lig. 8) also has this ganglionie (‘‘nicotine’’) action, 
but its peripheral (cholinergic) ‘‘musearine’’ action may generally over- 
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Fig. 10.—For discussion see text. 
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Fig. 12.—For discussion see text. The stomach record was made by a device attached to the 
pyloric end of the stomach. Contraction is the upward movement. 
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shadow its ganglionic action. The primary vagus ganglion stimulation is 
not very evident in Fig. 10, because the dose of nicotine was so large that 
these ganglia were paralyzed before their inhibitory effects on the heart 
could be recorded. | 

In Fig. 11 the action of an ergot alkaloid (basergin, ergonovine) is il- 
lustrated. The marked contraction of the vessels of the nose may be largely 
due to central stimulation as a result of the asphyxia produced by depres- 
sion of the respiration. This shows the roundabout methods by which the auto- 
nomic mechanisms are frequently brought into action. But ergot alkaloids 
also have a peripheral action resembling that of adrenalin. In this record, 
however, the slight change in blood pressure rather indicates a different 
origin for the nasal constriction in which most of the systemic arterioles did 
not take part. 


Fig. 12 demonstrates an entirely different action from any of the other 
drugs, yet its resemblance to the other records is so close that one must 
be impressed by the nature of the mechanisms involved. What appear to be 
very slow beats (carotid sinus inhibition) along the higher parts of the blood 
pressure tracing are more likely in this instance to be due to extraventricular 
systoles. This type of action may also occur with the true sympathomimetic 
amines, and with both types of drugs carotid and aortie sinus reflexes may also 
oceur. With barium, however, the stomach shows marked contraction (muscle 
stimulation), while with adrenalin-like drugs inhibition generally occurs ex- 
cept at the sphincters (and even these have an obscure innervation). 

Barium and some other metals, posterior pituitary extracts (pitressin, 
pitoein), probably angiotonin, histamine, nitrites, and various other drugs act 
on smooth muscle to produce either stimulation or depression. These actions 
are generally considered to be directly on the muscle fibers. Probably the 
peripheral actions of some anesthetics should be ineluded here. It seems 
quite possible, and even probable, that some, and maybe all, of these drugs 
really do effect their actions through nervous elements or receptors which 
are not yet understood. There are special indications for this view, especially 
in the case of posterior pituitary extracts. 

The nature of the points on which sympathomimetic drugs act has long 
been diseussed. Earlier workers called these points ‘‘end plates’’ or simply 
‘‘nerve endings.’’ Later the term ‘‘myoneural junction’’ was introduced, 
and finally the word ‘‘receptor.’’ The history of the changing viewpoints 
which these terms have signaled in the past forty years constitutes one of the 
most interesting chapters in the records of modern medicine. The very re- 
cent introduction of the conception of adrenergic and cholinergic nerve end- 
ings paves the way for another, perhaps equally evanescent, chapter. 


There are still many obscure phenomena connected with the pharmacology 
and physiology of the autonomic nervous system; and probably mechanisms 
of great importance connected therewith have not yet even been surmised. 
The very recent discovery of the special significances of the carotid and aortic 
bodies and sinuses, the meanings of which are still far from being completely 
understood,’ serves well to illustrate this. From the standpoint of pathology, 
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Fig. 13.—Diagrammatic representation of the autonomic nervous system. The parasym- 
pathetics are (mostly) shown on the left while the thoracicolumbar (true) sympathetics are 
shown on the right. Note the color scheme to differentiate between adrenergic and cholinergic 
fibers. (From Jackson: Experimental Pharmacology and Materia Medica.) Figs. 1 to 12 
illustrate actions at all points at which drugs may affect the autonomic nervous system with 
the possible exception of some centers in the hypothalamus or other parts of the brain and 
cord. 
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a mere beginning has been made. Not infrequently one may stand in the 
presence of the direst clinical phenomena, and feel and see dimly as if in-a 
dream, or sometimes as if in a nightmare, that the symptoms he observes must 
of necessity be largely, if not completely, due to actions of the autonomic nerv- 
ous system. And yet as death hovers near, or even seizes the victim, the most 
astute physician may sometimes not be able to determine what mechanisms are 
involved, let alone cure the patient. Fatal attacks of angina pectoris, or the 
origin of the obscure and -sometimes fatal attacks in the presence of pheochro- 
mocytomata, and probably other causes of death not now recognized clinically, 
may serve to illustrate this point. 

A considerable number of clinical conditions are now known or believed 
to bear a more or less direct relationship to the autonomic nervous system. 
Among these may be mentioned vasomotor rhinitis, bronchial asthma, urti- 
caria, angioneurotie edema, colic in hollow visceral organs, motor disturbances 
of these organs, hiccups, angina pectoris, disturbances of cardiac rhythm, 
migraine, diabetes insipidus, pyrexia, hypertension, and the like. Un- 
doubtedly a number of others should be added even though their relationship 
to the autonomic nervous system may not be known until far in the future. 

The ancients were accustomed to orient their historical perspective of 
civilization with reference to their seven wonders of the world. Modern man 
has added many more wonders. Yet not one of these, either ancient or mod- 
ern, presents a more remarkable phenomenon than do the actions of some of 
these drugs on the autonomic nervous system, such, for example, as the 
action of 1 or 2 mg. of atropine or adrenalin when injected intravenously into 
a man weighing as much as 150 pounds. 
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INTERACTION OF VITAMINS AND DRUGS WITH CELL CATALYSTS* 
FREDERICK BERNHEIM, PH.D., DurHaAM, N. C. 


O THE clinician and physiologist the results obtained with isolated enzymes 

and tissue suspensions may seem to have only remote application to the 
processes in the human and intact animal. It is the purpose of this review to 
correlate, in certain selected instances, the physiologic and pathologic findings 
in man and animals with what is known of the concomitant changes in tissue 
metabolism and the eatalysts involved. 

In the first part, four vitamins will be considered. Each of these vitamins, 
or its derivative formed in the body, combines with a specific protein and this 
combination is an enzyme, the absence of which in deficiency states causes 
metabolic disturbances which may partly account for the accompanying symp- 
toms. In the second part, drugs will be discussed which either (a) combine 
with specific enzymes, thereby inhibiting their normal catalytic activity, or 
(b) are attacked and rendered pharmacologically inactive by enzymes. 


PART I 


Thiamin: (a) Carbohydrate Metabolism.—The work on thiamin may be 
divided into two parts. The first definite evidence about the nature of the 
disturbance in the central nervous system in thiamin deficiency was obtained 
by Peters.t| He showed that the minced optic lobes of the pigeon with beriberi 
were unable to oxidize pyruvie acid and that the addition of small amounts of 
thiamin in vitro restored the oxidation. Lohmann and Schuster? identified the 
substance necessary for the decarboxylation of pyruvie acid by yeast as thia- 
min pyrophosphate. This is also the active form in the animal body,* which 
combines with a specific protein to form the enzyme which oxidizes pyruvic 
acid to acetic acid. 

It follows from this that pyruvie acid should accumulate in the blood of 
thiamin-deficies¢ animals. This has been shown for pigeons* and man,°* ® al- 
though in the latter other keto acids beside pyruvie are also present. Feeding 
thiamin reduces the keto acid level of the blood to normal. That pyruvie acid 
is a normal intermediate in carbohydrate metabolism in man was shown by 
Johnson and Edwards,’ who found high values in the blood after severe exercise. 
The impairment of this important phase of carbohydrate metabolism in thiamin 
deficiency probably accounts for the decreased glucose tolerance. The relation 
of thiamin to insulin and diabetes is still not clear. 

It is not surprising to find a close relationship between thiamin and the 
thyroid because of the marked effect of this gland on carbohydrate metabolism. 
There are no in vitro experiments to explain the exact mechanism of the inter- 
action, but the experiments on animals show clearly that thiamin counteracts 
the toxic action of thyroxin,® prevents weight loss’? and loss of liver glycogen" 
imme of Physiology and Pharmacology, Duke University School of 
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in thyroid-fed rats, and is helpful in the preoperative treatment of Graves’ 
disease.12 Conversely, thyroid feeding increases the thiamin requirement of 
dogs'* and depletes the thiamin in the kidney and liver of rats."* 

(b) Interaction with Acetylcholine—The central nervous symptoms of 
beriberi can be explained by the disturbance in pyruvie acid metabolism. The 
edema can also be explained on this basis because the pyruvie acid metabolism 
of the kidney, and consequently kidney function in general, is very sensitive 
to thiamin deficiency.’> It is difficult, however, to explain on this basis the 
loss of appetite, achlorhydria, loss of tone in the gastrointestinal tract and 
arterioles, and tachycardia, especially as pyruvie acid in concentrations found 
in beriberi has no toxie action.1* The following experiments with thiamin and 
acetylcholine offer a possible explanation for these symptoms. (It is not the 
purpose of this review to enter into the debate on the exact function of acetyl- 
choline in nervous transmission. It is generally agreed, however, that acetyl- 
choline is produced at most synapses and myoneural junctions, and it follows 
that a disturbance in acetylcholine metabolism will be reflected in the tissues 
supplied by cholinergic nerves. The enzyme cholinesterase specifically hydro- 
lyzes acetylcholine.) 


Thiamin augments the action of acetylcholine on the blood pressure of the 
eat and on the isolated rat intestine.’’ It sensitizes various nerve trunks to 
electrical stimulation,'® and it is liberated when cholinergic nerves are stimulated 
electrically.'° Most of these effects could be explained on the basis of cholin- 
esterase inhibition by thiamin. Thiamin does inhibit the cholinesterase,?° 
although a relatively large concentration is required. There exists the possi- 
bility that, because of physical conditions or local concentration effects, thiamin, 
in vivo, does control cholinesterase activity. Its affinity for the enzyme is twenty- 
six times that of acetylcholine. But whatever the mechanism of the interaction 
between thiamin and acetylcholine, such interaction can explain the cardiac 
and gastrointestinal symptoms of thiamin deficiency, symptoms which can be 
relieved temporarily by choline esters. Also part of the protective effect of 
thiamin in hyperthyroidism may be due to its inhibiting action on the serum 
cholinesterase, which is higher than normal in patients with this disease.”* 

Riboflavin.—Warburg and Christian’ first demonstrated the catalytic im- 
portance of riboflavin in yeast. As a phosphate ester? attached to a specific pro- 
tein, it forms an enzyme which oxidizes cozymase (see under nicotinic acid) 
which in combination with another protein. is reduced by hexose phosphate. 
Its importance in animal metabolism was shown when riboflavin was identified 
as vitamin G.’ Recent in vitro work on various oxidases of animal origin have 
shown that dinucleotide derivatives of riboflavin, rather than riboflavin itself, 
form important enzymes when combined with specific proteins. These dinu- 
cleotide derivatives are decreased in the heart and liver (but not in the brain 
and kidney) of rats on flavin-deficient diets and are rapidly synthesized when 
pure riboflavin is fed.‘ The following enzymes, which are found in a variety 
of tissues, contain a flavin dinucleotide: Diaphorase 1 and 2 which oxidize 
reduced cozymase (coenzyme I) and coenzyme II** and which are in turn 
oxidized through an intermediary by the cytochrome-cytochrome oxidase sys- 
tem; xanthine oxidase, which oxidizes xanthine and hypoxanthine to urie acid 
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and oxidizes aldehydes to acids;’ and d-amino acid oxidase which oxidizes the 
‘‘nonnatural’’ isomers of the amino acids to keto acids.* Other less well-defined 
enzymes have also been described. 

It follows that the activity of these enzymes should be diminished in flavin- 
deficient animals. This has been shown in the rat for xanthine oxidase and 
d-amino acid oxidase.? The over-all oxygen uptake of tissues taken from 
flavin-deficient rats is, however, little affected, with the exception of the dia- 
phragm which is increased 30 per cent?® and the skin which is decreased 37 per 
cent... This latter finding may account for the characteristic alopecia and 
dermatitis in rats and the cheilosis and seborrheic lesions in man.'” 7° The gen- 
eral weakness, fall in body temperature, sudden collapse in deficient dogs,’* » 
and lack of growth in rats and chicks'® can conceivably be explained by the 
impairment of certain essential oxidases. It is more difficult to explain the 
eataract'’ and corneal vascularization’® in rats, the intestinal hemorrhage,’® 
and degeneration of the axis cylinders in the posterior columns in dogs’? on 
this basis. These symptoms may be the indirect expression of a general meta- 
bolic disturbance. There is also no explanation for the effect of riboflavin on 
the regeneration of hemoglobin in the anemie dog.?° 

Nicotinic Acid.—Warburg and co-workers' first demonstrated the biologic 
importance of nicotinic acid when they showed that its amide was part of a 
compound containing as well two pentose, one adenine, and three phosphate 
molecules. They named this substance coenzyme II and showed that, in com- 
bination with a specific protein, it formed an enzyme which oxidized a hexose 
phosphate. The sugar was oxidized by reducing the coenzyme which in turn 
was reoxidized by an enzyme containing riboflavin (see under riboflavin). 
Nicotinic acid amide was then shown to be a part of coenzyme I* * which dif- 
fered from coenzyme II in having one less phosphate molecule and which was 
identical with cozymase, the substance that Harden and Young* many years 
previously had shown to be essential for the fermentation of yeast. One or 
the other of the coenzymes has been found to be essential for the oxidation of 
important metabolites, for example, lactic acid® which requires coenzyme I. 
(The oxidation of lactic acid thus needs a nicotinie acid derivative, which in 
turn needs a riboflavin derivative, and the pyruvie acid formed from the lactic 
acid then requires thiamin for its oxidation. ) 

When nicotinie acid was found to be the specific cure for black tongue in 
dogs® and for pellagra in human beings,*~® the possibility arose that some of 
the symptoms might be explained on the basis of a low coenzyme concentration 
in the tissues, with a consequent impairment of metabolic processes. Since no 
chemical methods were available for the estimation of the normally very small 
amounts of coenzymes present in tissues, Kohn’® devised a biologic test based 
on the fact that H. parainfluenzae required coenzyme I and/or II for growth." 
Although this test seems specific for the two coenzymes, there remains the pos- 
sibility that other similar, but as yet unknown, compounds may act as growth 
factors for these bacteria. With this method, the normal coenzyme value of 
human blood was determined, and it was shown that all the coenzyme was ear- 
ried in the corpuscles. The value for pellagrins was within the normal range. 
This was confirmed later in a larger series of cases,’2 and Axelrod and asso- 
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ciates!2* obtained similar results. The low values obtained by Vilter, Vilter, 
and Spies™* for pellagrins might be explained by their use of different bacteria, 
or by the fact that their results were expressed in terms of whole blood instead 
of corpuscles. Kohn was also able to show that the oral administration of nico- 
tinie acid rapidly raises the coenzyme concentration in the red blood cells of 
normal subjects and pellagrins. 

Further investigation of this finding'* showed that human corpuscles were 
able to synthesize coenzyme from nicotinic acid in vitro and that they were 
then able to oxidize lactic acid more rapidly. The inability of Vilter, Vilter, 
and Spies'® to obtain this synthesis of coenzyme from nicotinic acid with washed 
cells is explained’® by the fact that their method of washing definitely injures 
the cells. 

The fact that the blood of human pellagrins showed no marked variation 
from normal in coenzyme concentration made it necessary to study the concen- 
tration in the tissues. For this the black tongue dog was used.’’ It was found 
that the coenzyme of the liver was reduced 70 per cent and that of striated 
muscle 35 per cent in black tongue, but that other tissues had normal values. 
These results, which were confirmed by Axelrod and associates,'® indicate that 
the liver was sacrificing its store of coenzyme to maintain the level in other 
tissues. The oxygen uptake of the isolated liver tissue was, however, increased 
35 per cent (see oxygen uptake of diaphragm in riboflavin deficiency). 

No symptom of black tongue or pellagra can be directly explained on the 
basis of impaired metabolism caused by deficiency in coenzyme. It is always 
possible that the symptoms are an indirect expression of such an impairment, 
but the in vitro results leave open the possibility that nicotinic acid may have 
‘other functions in the body. 

The coneentration of coenzyme in the blood has been measured in a variety 
of diseases. It tends to be low in diabetes'® ?° and high in pneumonia,” but 
it is normal in cardiovascular and gastrointestinal disturbanees.’* It is very 
low in tumor and embryonic tissue.” 74 

Vitamin A.—Of the various actions of vitamin A in the animal, the only 
one that has been elucidated by in vitro experimentation is its action’ in the 
eye. The relationship of diet to night blindness was recognized by a number 
of investigators, but was clearly stated by Bloch. Fridericia and Holm? and 
Holm? were able to show that the regeneration of visual purple after bleaching 
with light took place more slowly in vitamin A-deficient rats which were night 
blind. The normal pig eye was then found to be one of the richest sources of 
vitamin A.* The correlation between a low concentration of vitamin A in the 
blood and night blindness in human subjects was made by Sie. Numerous 
dark adaptation tests have been made** in an attempt to use this as a measure 
of vitamin A deficiency, and it has been shown’ that administration of vitamin 
A to human subjects deficient in vitamin A causes rapid improvement in their 
dark adaptation. 

The exact part that vitamin A plays in rod vision and its relation to rhodop- 
sin (visual purple) was first elucidated by Wald.® 1° He was able to show that 
the following cyclic mechanism occurs. Illumination rapidly bleaches rhodop- 
sin even in solution extracted and separated from the retina, and the yellow 
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pigment retinene is formed. Some of the retinene can be directly reconverted 
in the. dark into rhodopsin, but some is converted into vitamin A. These two 
reactions occur to a slight extent in solution but take place readily in the iso- 
lated retina. The vitamin A formed is then slowly reconverted into rhodopsin. 
This reaction, however, occurs only in the intact eye, where rhodopsin, retinene, 
and vitamin A are all loosely combined with protein. 

This mechanism explains not only the night blindness in A deficiency, but 
also the rapid dark adaptation following an intense flash of light on the dark 
adapted eye. During the short flash, a large amount of retinene accumulates, 
but relatively little is converted to vitamin A. In the dark, retinene is rapidly 
converted into rhodopsin. After long illumination a steady state is reached 
with a small amount of retinene and a relatively large amount of vitamin A 
which is now the main source of the rhodopsin. Since this conversion is rela- 
tively slow, dark adaptation after prolonged illumination should be slower than 
after the short flash, and experimentally this is found to be so. According to 
the Janesos,"t the pigmented epithelium converts vitamin A into rhodopsin 
which then migrates into the rods, and retinene migrates from the rods to the 
pigment cells where it is converted into vitamin A. 

Wald’’ was also able to show that mammals and salt-water fish use vitamin 
A,, whereas fresh-water fish use vitamin A, in their visual cycle. The differ- 
ences in the absorption bands of A, and A, are carried over when they are con- 
verted into rhodopsin and porphyropsin, respectively, and into retinene 1 and 
2. From the chick eye, which is almost completely made up of cones, Wald?* 
has extracted another pigment, iodopsin, which is also a protein-carotenoid 
complex. It seems probable that vitamin A plays some part in the cones of 
the human eye, as several investigators® ™ 1° have found that cone and rod 
thresholds vary in the same way in vitamin A deficiency. 


PART II 


Eserine (Physostigmine) and Prostigmine.—Dale,! Brown,? and Cannon’ 
have reviewed the evidence that the production of acetylcholine is part of the 
mechanism for synaptic and myoneural transmission. The cholinesterase, which 
hydrolyzes acetylcholine into choline and acetic acid, thus making it inactive, 
is an intimate part of this mechanism. It follows that any drug that inhibits 
the activity of this specific enzyme and thus allows acetylcholine to accumulate 
in vitro may have definite effects when injected into the animal. In assessing 
how far the in vitro effects are paralleled by the in vivo action of such drugs, 
the distribution of the drug in the body and the consequent inhibition of the 
esterase in situ must be taken into consideration. For instance, two drugs may 
inhibit a solution of esterase to the same extent, but when injected into the 
animal, one may cause excitation, the other depression (see below), either be- 
cause their locus of action is different or because different amounts of acetyl- 
choline are allowed to accumulate. In most ganglia, acetyleholine in small 
amounts causes excitation; in larger amounts, depression.* ® 

Kahane and Lévy,° using the single drug, eserine, showed that the effects 
of various choline esters in the body were potentiated by eserine in proportion 
to the rapidity with which the different esters were hydrolyzed by the cholines- 
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terase. But when several drugs and one ester were used, there was no corre- 
lation between the extent of the inhibition in vitro and the potentiating effect 
‘in vivo,” presumably because the drugs varied in their ability to penetrate to 
the enzyme in situ. Such considerations may also explain the results of Schweit- 
zer and Wright® who showed that eserine increases’ reflex excitability in the 
eat and that prostigmine depresses it. y 

Despite this and other minor variations, the effects of eserine and pros- 
tigmine injected into the animal closely parallel the effects of acetylcholine, and 
in all cases potentiate the effects of the latter. This has been shown ‘for the 
human eye,® respiration in eats,!° sympathetic ganglia,> mammalian skeletal 
muscle,'' the human gastrointestinal tract,!2 when injected into the ventricles 
of man,'* and on the T-wave in the dog heart.‘* Clark and Raventos’ have 
shown that the action of eserine on the frog heart can be accounted for quan- 
titatively by its inhibition of the esterase. Eserine and prostigmine, when 
injected, decrease the esterase activity of the circulating blood as has been 
demonstrated many times in myasthenia gravis. (For the literature on the 
treatment. of this disease by prostigmine, see reference 16. The symptoms of 
myotonia are increased by injection of prostigmine™ ). 

Mor phine.—The effect of various centrally acting drugs on the cholinesterase 
of the brain has been investigated.1* Morphine and apomorphine were found 
to cause significant inhibitions in low concentrations. Because intraventricular 
injections of acetylcholine in man*® and injections into the hypothalamic re- 
gions in cats’? usually cause nausea and vomiting, it is possible that morphine 
and apomorphine may produce these effects through the accumulation of acetyl- 
choline in regions affecting the vomiting center. Kuhn and Surles?® investigated 
other compounds of the morphine group and found a parallelism between the 
central emetic action and the inhibitory effect on the esterase in vitro. Moreover, 
emetine was the only other drug tested that inhibited the enzyme in equivalent 
concentrations. The blood and tissue cholinesterase was inhibited in the same 
way by these drugs. Besides giving a possible explanation for the central 
emetie action, this inhibition by morphine could also explain its other effects 
in the body, such as the slowing of the heart, increase of spinal reflexes, and 
spasticity of the intestine with constipation. Recently, Slaughter and Gross”? 
and Slaughter and Mimsell?? have confirmed these findings and have shown 
that the inhibition oceurs in vivo. They have also shown that eserine poten- 
tiates the action of morphine and that with small doses of eserine it is possible 
to decrease the therapeutic dose of morphine by half. This suggests that sensory 
impulses may also be mediated by acetylcholine. The fact that strychnine*® also 
inhibits the cholinesterase may explain how it increases the spinal reflexes. Its 
other effects which differ from those of morphine may well be explained on the 
different distribution of these two drugs in the body. 

Amines (Except Histamine), Adrenaline, and Sympathomimetic Substances. 
An enzyme which specifically oxidizes certain amines was first isolated from 
the liver and studied by Hare’ and Bernheim.? It was thought that this 
enzyme had a protective function in the liver in oxidizing amines formed by 
bacterial decarboxylation of amino acids in the intestine. The aldehydes formed 

from this oxidation which were no longer pharmacologically active could re- 
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enter into normal metabolic processes. The fact that animals, in which the 
cecum is large, as in the guinea pig and rabbit, have large concentrations of this 
enzyme in their livers supports this idea, as does the fact that mescaline, the 
active principle of the Mexican cactus (Anhaloniwm lewinii), is also oxidized by 
the enzyme.’ In this ease an acid is formed which is identical with that isolated 
from the urine of men fed mescaline.t The finding of amine oxidase in the 
brain® and in a number of other tissues,® and the identification of the adrenaline- 
oxidizing catalyst’? with it® suggest other functions for this enzyme. 

Because of the two hydroxy groups in the ortho position in the benzene 
ring, adrenaline is an autoxidizable compound which in oxygen is oxidized to 
a melanin-like substance. It was thought that this oxidation accounted for the 
evanescent effects of injected adrenaline. It was shown, however, that body 
fluids, such as blood and lymph,® extracts of heart,® extracts of uterus,’° and 
mixtures of amino acids," especially cysteine and glutathione,’® delay or prevent 
this oxidation. The amine oxidase, therefore, may be important for the oxidation 
of adrenaline, although its affinity for the enzyme is low.** The products of 
the oxidation are ethylamine and an aldehyde which is inactive..* The two 
hydroxy groups are not oxidized by the enzyme. It has been suggested’ that 
the amine oxidase may oxidize the adrenaline-like substances (sympathin) pro- 
duced at certain postganglionic sympathetic nerve endings, although its pres- 
ence at such endings has not yet been demonstrated. Ephedrine and benzedrine 
inhibit the amine oxidase,’® and it is possible to explain their peripheral action 
on this basis, i.e., the prolongation of sympathetic effects. 


The amount of central excitation produced by benzedrine, ephedrine, and 
allied substances closely parallels the amount of inhibition produced by them 
on the amine oxidase in vitro.’° This raises the question of the function of the 
amine oxidase in the brain. Mann and Quastel’’ have shown that aldehydes 
formed from the oxidation of amines such as tyramine markedly inhibit the 
respiration of the brain. Benzedrine, by inhibiting the amine oxidase, prevents 
the production of such aldehydes and thus increases the brain respiration and 
may thereby produce excitation. This explanation assumes that small concen- 
trations of aldehyde regulate directly or indirectly central excitation, and con- 
versely that an increase in the amount of aldehyde may lead to narcolepsy and 
similar depressed states. 

An attempt has been made to show that the potentiating action of cocaine 
and related substances on the sympathetic system is due to the inhibition of 
the amine oxidase by these drugs.’* Inhibition has been found to oceur, but 
only in the presence of exceedingly high concentrations of these drugs. It is 
possible that the enzyme in situ is more sensitive. 

Other mechanisms for the oxidation of adrenaline have been suggested. It 
is oxidized to form a red pigment, adrenochrome, by certain dehydrogenases, and 
the pigment in turn is oxidized by the cytochrome system.’® This may be the 
mechanism of the ‘‘pyrocatechol oxidase’’ investigated by Heirman”® and Baeq?! 
which oxidizes adrenaline to adrenoxine, a compound that lowers the blood 
pressure of rabbits and slows the frog heart.?! 


Histamine.—Although the original finding of Barger and Dale’ of histamine 
in the intestinal mucosa raised the question of whether it was actually present 
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in the cell or formed by the methods of extraction, it is now recognized as a 
normal constituent of most cells.2 In the dog® the largest concentration of 
histamine is in the duodenum, lung, and liver, respectively. Within the cell 
it apparently has no pharmacologic action, but when released into the blood 
it gives many symptoms of shock. With modern micromethods for its estima- 
tion, the concentration of histamine in the-blood in various conditions has been 
measured. Blood under normal conditions contains very small amounts. It 
is increased in perfusates from the lungs of sensitized guinea pigs* and from the 
lungs of guinea pigs perfused with snake venom, ® staphylococcus toxin,’ and 
peptone.’ It is increased in the blood of dogs and guinea pigs during ana- 
phylactie shock® ?° and insulin shock™ and is released from tissues injured by 
various chemical and physical agents.?? Its concentration is high in the blood 
of patients with migraine, asthma, urticaria, and other allergic diseases,’* and 
when injected, it increases migraine headache, probably by increasing the pulsa- 
tions of the pial and dural arteries.‘ ** Histamine will cause spontaneous 
contractions in the isolated auricle of the guinea pig’® and is produced con- 
tinuously by the dog heart,’’ the amount produced being a function of the 
work done by the heart.’® Its production by the normal heart, however, has 
been questioned.’® It is also produced by active skeletal muscle,?° by sensitized 
red blood cells in vitro,?4 and in the skin by painful stimuli.”? 

The presence of an enzyme in tissues that inactivates histamine was first 
described by Best and MeHenry”* and studied by McHenry and Gavin.** Re- 
cently it has been studied in detzail,?> 2° and it has been shown to produce 
ammonia and hydrogen peroxide and to require oxygen for its action on hista- 
mine. It also oxidizes cadaverine and putrescine,”* and the name diaminoxidase 
has been proposed for it instead of the original histaminase. The enzyme is 
rapidly inactivated by acid and by trypsin and pepsin.?® 7° It is present in the 
tissues of most animals, and in man the kidney has more than the liver.”® 

Preparations of the enzyme given twelve hours before the antigen to sensi- 
tized guinea pigs decreases the severity of the anaphylactic shock,®° and it 
has been claimed that histaminase in the blood of allergic patients is lower than 
normal.*t A commercial preparation from the intestinal mucosa called torantil 
has been used for various allergic conditions, especially serum sickness*® ** and 
hypersensitivity to cold.** *° It is given in salol-coated pills to prevent its 
destruction by acid in the stomach, and on liberation in the intestine it must be 
rapidly absorbed into the mucosa to prevent its destruction by trypsin. In 
the mucosa it may lower the concentration of histamine by oxidative deamina- 
tion, and thus lower the concentration in the blood, which presumably is higher 
than normal in allergic cases. The best preparations of the enzyme act very 
slowly in vitro, requiring twenty-four hours at 37° C. to oxidize 1.0 mg. of 
histamine. Any rapid improvement cannot be expected from the administration 
of the enzyme, and further work is required before its clinical value can be 
definitely established. Equivocal results with the enzyme have recently been 
obtained.*° 

Because of lack of space, no discussion is possible of the enzymes in tissues 
that hydrolyze atropine and homatropine*’ and acetanilid,** or of the effect of 
various anesthetics on the enzyme systems of the brain.*® 














THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


REFERENCES 
Thiamin: 
. Peters, R. A.: Biochem. J. 30: 2206, 1936. 
. Lohmann, K., and Schuster, P.: Biochem. Ztschr. 244: 188, 1937. 
. Stern, K. G., and Melnick, J. L.: J. Biol. Chem. 131: 597, 1939. 
Thompson, R. H. S., and Johnson, R. E.: Biochem. J. 29: 694, 1935. 
Platt, B. S., and Lu, G. D.: Quart. J. Med. 5: 355, 1936. 
Shindo, T.: Ztschr. f. physiol. Chem, 247: 111, 1937. 
. Johnson, R. E., and Edwards, H. T.: J. Biol. Chem. 118: 427, 1937. 
. Church, C. F., and Whipple, D. V.: Am. J. M. Se. 193: 733, 1937. 
. Sure, B., and Buchanan, B. S.: J. Nutrition 13: 513, 1937. 
. Peters, R. A., and Rossiter, R. J.: Biochem. J. 33: 1140, 1939. 
. Drill, V. A.: J. Nutrition 14: 355, 1937. 
. Frazer, W. D., and Ravdin, I. D.: Surgery 4: 680, 1938. 
. Himwich, H. E., Goldfarb, W., and Cowgill, G. R.: Proc. Soc. Exper. Biol. & Med. 28: 
646, 1931. 
14. Drill, V. A.: Am. J. Physiol. 122: 486, 1938. 
15. Peters, R. A., and Thompson, R. H. 8.: Biochem, J. 28: 916, 1934. 
16. deJong, S.: Arch. néerl. de physiol. 21: 465, 1936. 
17. Agid, R., Beauvallet, M., and Minz, B.: Compt. rend. Soc. de biol. 126: 982, 1937. 
18. Minz, B., and Agid, R.: Compt. rend. Soc. de biol. 205: 576, 1937. 
19. Minz, B.: Compt. rend. Soc. de biol. 127: 1251, 1938. 
20. Glick, D.: J. Pharmacol. 65: 389, 1939. 
21. Antopol, W., Tuchman, I., and Schifrin, A.: Proc. Soc. Exper. Biol. & Med. 36: 46, 1937. 


— 
SOOND UP oo POH 


— 
—_ 


— 
ew bo 


Riboflavin: 

1. Warburg, O., and Christian, W.: Biochem. Ztschr, 254: 438, 1932. 

2. Theorell, H.: Biochem. Ztschr. 275: 37, 1934. 

3. Gyorgy, P., Kuhn, R., and Wagner-Jauregg, T.: Naturwissensch. 21: 560, 1933. 

. Ochoa, S., and Rossiter, R. J.: Biochem. J. 33: 2008, 1939. 

5. Euler, H. v., and Hellstrom, Ztschr. f. physiol. Chem. 252: 31, 1938. 

3. Abraham, E. P., and Adler, E.: Biochem. J. 34: 119, 1940. 

. Ball, E. G.: J. Biol. Chem. 128: 51, 1939. 

. Warburg, O., and Christian, W.: Biochem. Ztschr. 298: 150, 1938. 

9. Axelrod, A. E., Sober, H. A., and Elvehjem, C. A.: Nature 144: 670, 1939. 
10. Hastings, A. B., Muus, J., and Bessey, O. A.: J. Biol. Chem, 129: 295, 1939. 
11. Adams, P. D.: J. Biol. Chem. 116: 641, 1936. . 

12. Sebrell, W. H., and Butler, R. E.: Pub. Health Rep. 53: 2282, 1938. 

13. Jolliffe, N., Fein, H. D., and Rosenblum, L. A.: New England J. Med. 221: 921, 1939. 
14. Sebrell, W. H., and Onstott, R. H.: Pub. Health Rep. 53: 83, 1938. 

15. Axelrod, A. E., Lipton, M. A., and Elvehjem, C. A.: Am, J. Physiol. 128: 703, 1940. 

16. Lepkovsky, 8., and Jukes, T.: J. Biol. Chem, 111: 119, 1935. 

17. Day, P. L., Darby, W. J., and Cosgrove, K. W.: J. Nutrition 15: 83, 1938. 

8. Bessey, O. A., and Wolbach, S. B.: J. Exper. Med. 69: 1, 1939. 

19. Zimmerman, H. M., Cowgill, G. R., and Fox, J. C.: Arch. Neurol. & Psychiat. 37: 286, 

1937. 

20. Gyérgy, P., Robscheit-Robbins, F. S., and Whipple, G. H.: Am, J. Physiol. 122: 154, 1938. 


Nicotinic Acid: 

1. Warburg, O., Christian, W., and Griese, H.: Biochem. Ztschr. 282: 157, 1935. 

2. Warburg, O., and Christian, W.: Biochem. Ztschr, 287: 291, 1936. 

3. Euler, H. v., Albers, H., and Schlenk, F.: Ztschr. f. physiol. Chem. 240: 113, 1936. 
4, Harden, A., and Young, W. J.: Proc. Roy Soc., London, s. B. 77: 405, 1906. 

5. Quastel, J. H., and, Wheatley, A. H. M.: Biochem. J. 32: 936, 1938. 

6. Elvehjem, C. A., Madden, R. J., Strong, F. M., and Woolley, D. W.: J. Am. Chem. Soc. 

59: 1767, 1937. 
7. Fouts, P. J., Helmer, O. M., Lepkovsky, S., and Jukes, T. H.: Proc. Soc. Exper. Biol. 
& Med. 37: 408, 1937. 

8. Smith, D. T., Ruffin, J. M., and Smith, 8. G.: J. A. M. A. 109: 2054, 1937. 

9. Spies, T. D., Cooper, C., and Blankenhorn, M. A.: J. A. M. A. 110: 622, 1938. 
10. Kohn, H. I.: Biochem. J. 32: 2075, 1938. 

11. Lwoff, A., and Lwoff, M.: Proc. Roy. Soc., London, s. B. 122: 352, 360, 1937. 

12. Kohn, H. I., and Bernheim, F.: J. Clin. Investigation 28: 585, 1 

12a. Axelrod, A. E., Gordon, E. 8., and Elvehjem, C. A.: Am. J. M. Se. 199: 697, 1940. 
13. Vilter, R. W., Vilter, S. P., and Spies, T. D.: J. A. M. A. 112: 420, 1939. 
‘14. Kohn, H. I., and Klein, J. R.: J. Biol. Chem. 130: 1, 1939. 
15. Vilter, R. W., Vilter, S. P., and Spies, T. D.: Nature 144: 943, 1939. 
16. Kohn, H. I.: Unpublished experiments. 
17. Kohn, H. I., Klein, J. R., and Dann, W. J.: Biochem. J. 33: 1432, 1939. 
18. Axelrod, A. E., Madden, R. J., and Elvehjem, C. A.: J. Biol. Chem. 1381: 











INTERACTION OF VITAMINS AND DRUGS 








BERNHEIM : 29 












19. Vilter, R. W., Vilter, S. P., and Spies, T. D.: Am. J. M. Se. 197: 322, 1939. 

20. Euler, H. v., Schlenk, F., Heiwinkel, H., and Hégberg, B.: Ztschr. f. physiol. Chem. 256: 
208, 1938. 

21. Bernheim, F., and Felsovanyi, A. v.: Science 91: 76, 1940. 






Vitamin A: 






1. Bloch, C. E.: J. Hyg. 19: 283, 1921. 

2. Fridericia, L. 8., and Holm, E.: Am. J. Physiol. 73: 63, 1925. 

3. Holm, E.: Am. J. Physiol. 73: 79, 1925. 

4, Yudkin, A. M., Kriss, M., and Smith, A. H.: Am. J. Physiol. 97: 611, 1931. 
5. Sie, B. L.: Arch. f. Augenh. 110: 610, 1937. 

6. Jeghers, H.: Ann. Int. Med. 10: 1304, 1937. 

7. Hecht, S., and Mandelbaum, J.: J. A. M. A. 112: 1910, 1939. 

8. Wald, G., Jeghers, H., and Arminio, J.: Am. J. Physiol. 123: 732, 1938. 
9. Wald, G.: J. Gen. Physiol. 21: 795, 1938. 

10. Wald, G., and Clark, A.: J. Gen. Physiol. 21: 93, 1937. 

11. Janeso, N. V., and Jancso, H. V.: Biochem. Ztschr. 287: 289, 1936. 

12. Wald, G.: J. Gen. Physiol. 22: 391, 1939. 

13. Wald, G.: Nature 140: 545, 1937. 

14. Haig, C., Hecht, S., and Patek, A. J., Science 87: 534, 1938. 

15. Yudkin, A. M.: Arch. Ophth. 19: 366, 1938. 





Eserine (Physostigmine), Prostigmine, and Morphine: 

. Dale, H. H.: Cold Spring Harbor Symposia 4: 143, 1936. 

. Brown, G. L.: Physiol. Rev. 17: 485, 1937. 

. Cannon, W. B.: Science 90: 521, 1939. 

Feldberg, W., and Vartiainen, A.: J. Physiol. 81: 39, 1934. 

. Cannon, W. B., and Rosenblueth, A.: Am. J. Physiol. 119: 221, 1937. 

3. Kahane, E., and Lévy, J.: Bull. Soc. chim. biol. 18: 529, 1936. 

. Kahane, E., and Lévy, J.: Compt. rend. Soc. de biol. 125: 252, 1937. 
Schweitzer, A., and Wright, 8.: J. Physiol. 89: 165, 1937. 

. Myerson, A., and Thau, W.: Arch. Ophth. 18: 78, 1937. 

10. Schweitzer, A., and Wright, S.: Quart. J. Exper. Physiol. 28: 33, 1938. 
11. Bacq, Z. M., and Brown, G. L.: J. Physiol. 89: 45, 1937. 

12. Zimmerman, M., Frank, R., and Necheles, H.: Arch. Surg. 33: 188, 1936. 
13. Henderson, W. R., and Wilson, W. C.: Quart. J. Physiol. 26: 83, 1936. 
14. Walanski, J., and Zawadzki, B.: Acta. Biol. Exper. (Warsaw) 12: 119, 1938. 
15. Clark, A. J., and Raventos, J.: Quart. J. Exper. Physiol. 28: 155, 1938. 
16. Foster-Kennedy: J. A. M. A. 110: 198, 1938. 

17. Russell, W. R., and Stedman, E.: Lancet 131: 742, 1936. 

18. Bernheim, F., and Bernheim, M. L. C.: J. Pharmacol, 57: 427, 1936. 

19. Silver, G. A., and Morton, H. G.: J. Pharmacol. 56: 446, 1936. 

20. Kuhn, H. H., and Surles, D.: Arch. internat. de pharmacodyn. et de thérap. 58: 88, 1938. 
21. Slaughter, D., and Gross, E.: J. Pharmacol. 68: 96, 1940. 

22. Slaughter, D., and Mimsell, D. W.: J. Pharmacol. 68: 104, 1940. 

23. Nachmansohn, D.: Compt. rend. Soe. de biol. 130: 1065, 1939. 





OUR oo De 







a 
i) 





1 0 N 




















Amines, Adrenaline, and Sympathomimetic Drugs: 

1. Hare, M. L. C.: Biochem. J. 22: 968, 1928. 

2. Bernheim, M. L. C.: J. Biol. Chem. 93: 299, 1931. 

. Bernheim, F., and Bernheim, M. L. C.: J. Biol. Chem. 123: 317, 1938. 

. Slotta, K. H., and Miiller, J.: Ztschr. Physiol. Chem. 238: 14, 1936. 

. Pugh, C. E. M., and Quastel, J. H.: Biochem. J. 31: 286, 1937. 

6. Blaschko, H., Richter, D., and Schlossmann, H.: Biochem. J. 31: 2187, 1937. 
7. Blaschko, H., Richter, D., and Schlossmann, H.: J. Physiol. 90: 1, 1937. 
8. Bonhomme, F.: Arch. internat. de physiol. 43: 341, 1936. 

9. Smith, R. G.: Arch. f. exper. Path. u. Pharmakol. 187: 604, 1937. 

10. Lissak, K.: Science 87: 371, 1938. 

11. Iwo, S.: Folia pharmacol. Japon. 22: 137, 1936. 

12. Welch, A. D.: Am. J. Physiol. 108: 360, 1934. 

13. Kohn, H. I.: Biochem. J. 31: 1693, 1937. 

14. Richter, D.: Biochem. J. 31: 2022, 1937. 

15. Gaddum, J. H.: J. Physiol. 94: 87, 1938. 

16. Blaschko, H.: Nature 145: 26, 1940. 

17. Mann, P. J. G., and Quastel, J. H.: Biochem. J. 34: 414, 1940. 

18. Philpot, F. J.: J. Physiol. 97: 301, 1940. 

19. Green, D. E., and Richter, D.: Biochem. J. 31: 596, 1937. 

20. Heirman, P.: Compt rend. Soc. de biol. 127: 341, 1938. 

21. Baeq, Z. M.: J. Physiol. 92: 28, 1938. 








Ore co 



































30 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Histamme : 
1. Barger, G., and Dale, H. H.: J. Physiol. 41: 499, 1911. 
: Ackermann, D., and Mohr, M.: Ztschr. f. physiol. Chem. 255: 75, 1938. 
3. Akiyama, Y.: ’ Fukuoka acta med. 30: 42, 1937. 
. Schild, H.: Quart. J. Exper. Physiol. 26: 165, 1936. 
5. Feldberg, W., and Kellaway, C. H.: J. Physiol. 90: 257, 1937. 
3. Tretherwie, E. R.: Australian J. Biol. & M. Se. 17: 145, 1939. 
. Feldberg, W., and Kellaway, C. H.: J. Physiol. 90: 280, 1937. 
. Feldberg, W., and Kellaway, C. H.: J. Physiol. 90: 288, 1937. 
9, Code, C. F., and Hester, H. R.: Am. J. Physiol. 127: 71, 78, 1939. 
. Dragstedt, C. A., Eyer, S. W., and de Arellano, M. R.: Proc. Soc. Exper. Biol. & Med. 
38: 641, 1938. 
. Bartelheimer, H., and Afendulis, T. C.: Ztschr. f. ges. exper. Med. 104: 31, 1938. 
2. Bachmann, H.: Arch. f. exper. Path. u. Pharmac, ‘ie: 345, 1938. 
. Loeper, M.: Bull. Acad. de méd., Paris 120: 29, 1938. 
. Graham, J. R., and Wolff, H. G.: Tr. Am. Neurol. A. 63: 164, 1937. 
5. Clark, D., Hough, H., and Wolff, H. G.: Arch. Neurol. & Psychiat. 35: 1054, 1939. 
j. Rothberger, C. /., and Sachs, A.: Quart. J. Exper. Physiol. 29: 69, 1939. 
. Marcu, I.: Compt. rend. Soe. de biol. 130: 575, 1939. 
8. Anrep, G. V., Barsoum, G. S., and Talaat, M.: J. Physiol. 86: 431, 1936. 
. Code, C. E., Evans, C. L., and Gregory, R. A.: J. Physiol. 92: 344, 1938. 
20. Anrep, G. V., and Barsoum, G. S.: J. Physiol. 85: 409, 1935. 
. Katz, G.: Science 91: 221, 1940. 
22. Rosenthal, S. R., and Minard, D.: J. Exper. Med. 70: 415, 1939. 
23. Best, C. H., and McHenry, E. W.: J. Physiol. 70: 349, 1930. 
24. McHenry, o W., and Gavin, G.: Biochem. J. 26: 1365, 1932; 29: 622, 1935. 
25. Edlbacher, ., and Zeller, E. A.: Helvet. chim. acta 20: 717, 1937. 
. Zeller, E. ‘ie Helvet. chim. acta 21: 1645, 1938. 
: Zeller, E. A., Schir, B., and Staehlin, S.: Helvet. chim. acta 22: 837, 1939. 
28. Zeller, E. A., and Schir, B.: Schweiz. med. Wehnschr. 68: 1318, 1938. 
29. Holtz, Ay Heise, R., and Spreyer, W.: Arch. f. exper. Path. u. Pharmakol. 188: 580, 1938. 
. Haag, F. E., and Latz, L.: Ztschr. Immunitatsforsch. u. exper. Therap. 96: 117, 1939. 
Albus, G.: Klin. Wehnachr. 18: 858, 1939. 
32. Foshay, L., and Hagebusch, O. E.: J. A. M. A. 112: 2398, 1938 
33. Prickman, L. E.: J. A. M. A. 112: 1102, 1939. 
34. Roth, G., and Horton, B. T.: Proc. Staff Meet., Mayo Clin. 12: 7, 1937. 
35. Baker, T. W.: J. A. M. A. 114: 1059, 1940. : 
36. Miller, H., and Piness, G.: J. A. M. A. 114: 1742, 1940. 


Miscellaneous : 
. Bernheim, F., and Bernheim, M. L. C.: J. Pharmacol. 64: 209, 1938. 
. Michel, H. O., Bernheim, F., and Bernheim, M. L. C.: J. Pharmacol. 61: 321, 1937. 
. Quastel, J. H.: Physiol. Rev. 19: 135, 1939. 









COENZYMES I AND II IN HUMAN BLOOD* 


S. P. Vitter, PH.D., M. B. Kocu, B.A., anp T. D. Spires, M.D. 
CINCINNATI, OHIO 









INTRODUCTION 






OR many years the two dietary deficiency diseases, canine blacktongue and 
human pellagra, have been regarded as analogous syndromes. The belief 
that both of them might result from a deficiency of the same chemical sub- 
stance or substances was supported by the fact that the symptoms of both dis- 
eases were relieved by the administration of liver extract.° In 1937 Elve- 
hjem, Madden, Strong, and Woolley‘ isolated the amide of nicotinic acid from 
liver extract and reported that it was this substance in liver extract which cured 
blacktongue in dogs. Following this observation, nicotinie acid and, later, 
nicotinie acid amide were used clinically with spectacular success in the treat- 
ment of human pellagra.** 











Naturally, the striking clinical results from the use of nicotinic acid and 
nicotinie acid amide in the treatment of pellagra have led to increased interest 






in the respiratory coenzymes I and II, cozymase and coferment,t respectively, 
which are known to contain nicotinic acid amide. These coenzymes are, by 
definition, specific organic catalysts which are relatively heat-stable, dialyzable, 
and which retain activity when separated from the living cell. Each is specifi- 
cally necessary in an enzymatic reaction, and each is produced by living cells 
from nicotinic acid amide, ribose, adenylic acid, and phosphoric acid. 








A general survey of the literature during the past thirty-six years shows 
notable advances in scientific knowledge dealing with coenzymes I and II. 
Harden and Young (1906)* found that a dialyzable fraction of boiled yeast 
juice stimulated alcoholic fermentation. Later Meyerhof (1918)° showed 
that these coenzymes occurred also in muscles and animal organs and that they 
could function in vitro to increase the respiration of fresh minced muscles. It 
was not until 1932, however, that nicotinic acid amide was isolated from the 
purest preparations of these coenzymes.’ ™ The present knowledge of the 
chemical constitution of coenzymes | and II indicates that these substances 





















*University of Cincinnati Studies in Nutrition at the Hillman Hospital, Birmingham, 
Ala. From the Department of Internal Medicine, University of Cincinnati, «nd the Depart- 
ment of Preventive Medicine, University of Texas. 

These studies were aided in great part by grants from the John and Mary R. Markle 
Foundation and E. R. Squibb & Sons. 

tIn this paper, coenzyme I will be designated frequently as cozymase, and coenzyme II, 
as coferment. Other names for coenzyme I are diphosphopyridine nucleotide D.P.N., or 
codehydrogenase I; similarly, other names for coenzyme II are triphosphopyridine nucleotide 
T.P.N., or codehydrogenase II 

We are very grateful to Professor H. von Euler, Biochemiska Institutet, Stockholm, 
Sweden, for samples of pure cozymase; and to Herr Geheimrat Doctor Otto Warburg, Kaiser 
Wilhelm Institut fur Zellphysiologie, Berlin-Dahlem, Germany, for pure coferment and pure 
cozymase. 
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differ chemically in their content of phosphoric acid, but are similar in that 
both are pyridine nucleotides which are indispensable for carbohydrate and 
protein metabolism. 

The principles involved in the problem of the stimulation, cessation, or in- 
hibition of cellular growth have been studied in a number of ways. It is 
perhaps wise to review briefly our present thoughts on this matter. We con- 
sider that the growth and respiration of cells, of which rapidly growing bacteria 
are excellent examples, involve the synthesis of complex substances from 
simpler compounds and the organization of these substances to form proto- 
plasm. The pattern of growth is attended by numerous side reactions 
and energy changes which occur at body temperatures and therefore must be 
catalyzed. This physiologic catalysis can take place only with the aid of metallic 
ions, specific enzymes of a protein nature, and certain crystalloidal organic sub- 
stances which work with the enzymes and are designated coenzymes. In many 
instances, coenzymes can be synthesized by lower forms of life as is true in the 
case of most strains of the dysentery bacillus, the growth of which can actually 
be used as a measure of the amount of nicotinic acid amide or nicotinie acid 
(coenzyme I and II precursors) which is present in the medium. Other organ- 
isms, such as the influenza bacillus, differ in that they require coenzyme I and IT 
preformed in order to grow. Accordingly, we can obtain a measure of the 
enzymatic growth factor in tested material by bacterial growth, and thus obtain 
an index of the amount of the substance present, when, and only when, the 
specific bacterium is unable to synthesize the essential substances. 


METHODS AND MATERIALS 


Since the methods for studying coenzymes I and II in the blood are not 
simple and are not always satisfactory, several methods have been tried in this 
laboratory: (1) A specific biologic method for the determination of cozymase, 
using yeast, ‘‘Kochsaft’’ (fluid obtained from blood and soft tissue after ex- 
traction with boiling water for two minutes), and a manometric apparatus ;'* 1% 
(2) a chemical test for pyridine nucleotides, in which a colorimetric test for 
nieotinie acid amide is used before and after hydrolysis of the test material; 
by this method the increased amount of nicotinic acid amide found after 
hydrolysis can be calculated in terms of either cozymase or coferment;'* (3) 
two bacteriologic methods using the growth properties of either B. influenzae 
or B. parainfluenzae’ 1° for the estimation of the total concentration of co- 
enzymes I and II and possibly of unknown substances with similar properties. 

A bacteriologie method'® has been used chiefly by us because it seemed that 
the principles concerned with the metabolism of these living bacterial cells were 
similar to those which govern the metabolic changes in the cells of the human 
body. The following detailed information concerns the method as originally 


published,’ with a number of modifications. 

The Reproducibility of the Method—The reproducibility of the method 
has been tested by making from six to ten determinations on the same blood, 
using the same medium and culture. The dilutions of blood in broth varied 
from 1:1,000 to 1:12,000 as has been reported previously,’® and the series of 
dilutions included several dilutions closely spaced near a previously determined 
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end point of growth. In these tests, the growth regularly stopped at the same 
dilution, as was determined by several observers, and the sharp end point oc- 
eurred where the dilutions of blood were from 10 to 15 per cent apart. There- 
fore, the largest error possible was +15 per cent. 

Computations Based on Visual Comparisons.—Along with the series of ex- 
periments described above, standards were prepared from ten concentrations 
of von Euler’s purest cozymase (0.01 to 0.003 yg. per cubic centimeter in the 
basal medium), and the tubes were inoculated from the same culture. After a 
twenty-four-hour period of incubation, the tubes containing the cozymase 
standards and the test determinations on blood were examined visually before 
a direct light. The tube that contained the highest dilution of blood which 
supported visible growth was matched with the tube containing cozymase stand- 
ard most nearly identical in optical density. The blood dilutions factor, e.g., 
8,000, was multiplied by the concentration of cozymase, e.g., 0.005 pg. per 
cubie centimeter, in the selected standard, and the result expressed as cozymase 
equivalents per cubic centimeter of whole blood (40 pg. per cubic centimeter). 
Next, from five to ten determinations were made on blood samples from seven 
normal persons, and the results were compared with a cozymase standard as 
before. The average error of these determinations was +8 per cent. 

The term ‘‘cozymase equivalents’’ has been used" to indicate that all the 
ecoenzyme-like substances in blood which function as factor V for Hemophilus 
parainfluenzae can be ealeulated arbitrarily as cozymase equivalents. We have 
adopted this estimation for the determination of coenzymes I and II with the 
influenza bacillus. This calculation is useful, but the proof that coenzymes I 
and IT ean act interchangeably in all reactions and to the same extent as growth- 
limiting factors (factor V) for H. parainfluenzae and H. influenzae is inade- 
quate; that is to say, in the proper medium (lacking only these coenzymes), and 
within certain ranges of concentration, the extent of growth (or more properly 
the rate of reproduction) of a twenty-four-hour culture of either of these or- 
ganisms is dependent upon the quantity of either coenzyme, I or II, that is 
present. 

Recovery of Cozymase.—In assaying the recovery of cozymase, the end 
point of growth in a normal blood was determined first in the routine manner. 
Twenty-four hours later another sample of the same blood was tested. The 
procedure for each sample was to prepare three laked solutions of the blood; 
the first was deproteinized’® without any further additions; to a second, 10 or 
20 pg. of cozymase were added just before the sample was deproteinized ; and 
to a third, 10 or 20 pg. of cozymase were added after the deproteinization. In 
six series of determinations where the dilutions near the estimated end point 
of growth were from 10 to 20 per cent apart, the end point of growth was the 
same whether the cozymase was added before or after deproteinization. The 
added cozymase which was recovered from different visual or photometric de- 
terminations varied from 80 to 95 per cent with several samples of cozymase. 

Calculations Based on Photometric Comparisons.—As in the visual com- 
parison of bacterial densities, photometric studies of the relation of the growth 
of B. influenzae in autoclaved hemopeptone broth (which contains added 
hematin) have shown that only in a limited range of concentrations is the 
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growth proportional to the concentration of pure cozymase added. Even though 
there is blood present in the basal autoclaved medium, other factors affect the 
density of bacterial growth since large concentrations of fresh blood support a 
more luxuriant growth in the autoclaved blood-peptone broth than does an 
excess quantity of cozymase. In the higher dilutions of blood which support 
growth, however, the influence of these secondary factors appears minimal. 
Therefore, we consider the end point of growth to be a most sensitive test for 
the coenzymes (Fig. 1). As was suggested by Kohn" for his standard yeast 
extracts, we have found that photometric comparison of the density of bae- 
terial growth in dilution of blood with the turbidity of bacteria grown in 


BLOOD OF ANORMAL PERSON SUPPORTS GROWTH 
OF B. INFLUENZAE TO 000 OR Jeooo IN 
HEMOPEPTONE BROTH 


i F 7 HCT 40 
SHADED AREAS = 
TURBIDITY DUE 
TO BACTERIAL GROWTH 


BLOOD OF A CLINICAL PELLAGRIN SUPPORTS 
GROWTH OF B. INFLUENZAE TO /2000 OR /4000 


Yooo 2000 }4000 J6o00 /g000 /o000 /i2000 


Fig. 1.—Each row of tubes shows the sharp end point of the growth of B. influenzae 
which is supported by dilutions of blood in autoclaved hemopeptone broth. The first row 
of tubes contains aliquot portions of blood from a ‘‘normal’’ person, and the second row, 
comparable portions of blood from a patient with clinical pellagra. 
standard cozymase solutions (0.01 to 0.003 yg. per cubic centimeter of basal 
medium) has simplified the determinations and recoveries of the coenzyme 
equivalents in blood. A curve of the optical densities plotted against the con- 
centration of the standard cozymase solution is of value, however, only for the 
day of the test, for the cyiture of B. influenzae varies slightly from day to day. 
We recommend either the preparation of two cozymase standards* each day 
to compare with points on a concentration curve so that the value of the 
cozymase equivalents in a dilution of blood which supports B. influenzae ean 
be interpolated from the curve of turbidities and multiplied by the dilution 
factor to obtain the cozymase equivalents per cubie centimeter of blood, or a 
determination on ‘‘normal’’ blood. In the latter case one can use the ealibra- 
tion curve only for relative comparison. 

Normal Values.—Values obtained in normal blood for arbitrary cozymase 
equivalents, determined by the two bacteriologic methods of estimation, are of 

*At the suggestion of Dr. A. E. Axelrod, the standards were kept frozen, and it was 


found that under such conditions, they were more constant than at the temperature of the 
refrigerator. 
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VALUES OF COENZYMES I AND II IN BLoop or NORMAL PERSONS 


















































COZYMASE EQUIVALENTS (Hg. ) COZYMASE EQUIVALENTS (Hg.) 
PER C.C. PER C.C. PER C.C. PER C.C. 
WHOLE BLOOD RED BLOOD CELLS WHOLE BLOOD RED BLOOD CELLS 
30 71 37 84 
30 61 36 81 
37 83 24 60 
27 64 33 74 
33 74 31 62 
40 90 30 66 
33 78 31 70 
37 83 21 52 
27 86 24 60 
50 109 25 65 
25 63 31 75 
30 71 29 69 
27 64 37 87 
31 69 30 66 
27 63 32 75 
31 73 27 61 
31 69 30 66 
— # 63 32 75 
31 73 27 61 
29 63 33 67 
37 82 
32 70 
28 61 




















‘“‘Normal’’ average of cozymase equivalents per cubic centimeter of whole blood 31 us., 


or 3.1 mg. per cent. 
‘“‘Normal’’ average of cozymase equivalents per cubic centimeter of packed cells = 69 ug., 
or 6.9 mg. per cent. 











somewhat similar order of magnitude.’ The values obtained here are remark- 
ably consistent for any individual blood, using any single cozymase standard. 
We have found by the dilution and end point method and by photometric com- 
parison of cozymase standards with the growth in higher dilutions of blood 
that normal values range between 20 and 50 yg. of cozymase equivalents per 
cubic centimeter of normal blood, and between 55 and 85 yg. per eubie centi- 
meter of packed cells. The normal values, shown in Table I, have been obtained 
by photoelectric comparison in the Evelyn colorimeter of the growth of B. in- 
fluenzae in accurately prepared serial dilutions of blood and in aliquots of a 
standard cozymase solution. The higher dilutions were used for the ecaleula- 
tions, to minimize the effect of other growth-stimulating factors in fresh blood. 
Blood from a normal person was tested under identical conditions as a control 
for the experimental determinations. 















CLINICAL APPLICATIONS 











1. Pellagra.—In 1939, at the Hillman Hospital Nutrition Clinic, coenzyme 
studies with a bacteriologic method'® were made upon 145 selected eases of 
pellagra. Similar studies have been made upon 45 patients so far in 1940. 
Most of the subjects were ambulatory and subsisted on the deficient diets which 
are typical of the pellagrins in this clinic. For the purpose of special observa- 
tions, some of these patients were hospitalized and maintained on glucose and 
water. These cases were selected for study because it was believed that they 
were deficient in nicotinic acid and might be lacking in the dinucleotides, eo- 
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enzymes I and II, which contain nicotinic acid amide. In these studies, it was 
observed that the degree of the deficiency of coenzymes I and II in whole blood 
and in packed cells did not parallel the severity of any one of the pellagrous 
symptoms, but in general paralleled the clinical state of the patient. There 
were, however, a few noteworthy exceptions. Table II shows the results of the 
initial assay of 45 clinical and subclinical cases of pellagra and indicates that 
in pellagrins there is a decrease in the content of the coenzyme growth factor in 
the whole blood. In the anemic patients, there frequently is an apparent com- 
pensation for the lack of cells, so that the total coenzyme value per cubic 
centimeter of cells is much higher than in normal red blood eells (Fig. 2). 

@ WH. BLOOD 


PACKED 
RBC. 








COZYMASE. 50} 
EQUIVALENTS 








SIEMATOCRIT 40 28.5 
EG LD PS 


Fig. 2.—Relation of cozymase equivalents in whole blood and in packed cells. 
Figs. 2, 6, and 7 illustrate the various ways of considering the cozymase equivalents 
in blood. In this figure, the cozymase equivalents in the whole blood of three persons were 
essentially the same, whereas the percentage of packed cells varied in the three cases. Fig. 6 
shows three cases where there was parallelism in the content of cozymase equivalents in 
whole blood and in the percentage of packed cells. In contrast, Fig. 7 shows that, with 
the same percentage of red blood cells in the blood of three persons, the cozymase equivalents 
in whole blood may vary considerably. These findings suggest that it is best to consider 
the coenzyme content of the blood as a functional unit rather than to set up arbitrary 
standards which may not always correlate with any particular determination of the formed 
elements of the blood. 


In many of our mild cases the results are consistent with the results of 
Kohn and Bernheim,'’ who found that, in nine eases of pellagra, the concentra- 
tion of cozymase equivalents in packed cells was ‘‘only moderately low.’’* But 
if one compares the results in Table II with those in Table I, he sees that the 
concentration of the coenzymes in the blood of persons with optimal nutrition 
is consistently higher. It is to be noted also that nicotinic acid therapy produces 
elinical improvement, that it never fails to increase the eontent of the blood 
coenzymes in persons with uncomplicated pellagra, and that the ingestion of 
nicotinie acid by normal persons also increases the concentration of these sub- 
stances in the blood. 

2. Diabetes Mellitus——Some years ago we learned that the administration 
of large amounts of glucose over a period of weeks to chronic pellagrins pre- 
disposed many of them to a recurrence of their disease. This observation, to- 
gether with the knowledge that patients with diabetes mellitus not infrequently 
have pellagra, suggested that the metabolism of glucose is associated with the 
antipellagra factor and that patients with diabetes mellitus should be selected 
for a coenzyme study. 

*Our experience with the culture of H. parainfluenzae has been limited to studies of 
normal and pellagrous blood. The particular culture of H. parainfluenzae for which we are 
indebted to Dr. Kohn is well suited to turbidity measurements in our hands, but the density 
of growth is proportional to the concentration of cozymase only in a limited range (0.01 to 
0.003 ywg.). This finding is similar to the observation which we have made using our culture 
of H. influenzae. For that reason we believe the highest dilution of blood used in this test 


to be the best index of the coenzyme content. As parallel studies using both methods have 
not always given comparable results, further investigations are in progress. 
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Ribo, 


riboflavin deficiency. 


of whole blood, or 1.72 mg. per cent. 

Average cozymase equivalents of 45 cases of pellagra = 
packed red blood cells, or 5.3 mg. per cent. 
iat Bi, thiamin deficiency. 
clinical pellagra ; +, mild relapse ; ++, moderate relapse; +++, severe relapse, 


Nicotinic acid deficiency: +-, 


PER C.C. PER Co. PER C.C. PER C.C. PER C.C. PER C.C. PER C.C. PER C.C. 
WHOLE RED BLOOD WHOLE RED BLOOD WHOLE RED BLOOD WHOLE RED BLOOD 
BLOOD CELLS BLOOD CELLS BLOOD CELLS BLOOD CELLS 
. +22 47 + +22 90 ++415 54 +++ 9 32 
+421 60 
+18 At +21 69 +413 41 
+21 58 
+18 39 +-37 95 +17 48 
+15 37 +18 55 +7 24 
+17 36 
+22 52 + -27 78 +18 66 +11 26 
+22 52 +-24 105 +17 71 
+25 61 +-19 78 +13 52 +-15 46 
+-18 44 
+-18 40 +-17 58 
+-22 53 + -25 66 +-13 33 
+-18 dt +-14 49 
+ -22 52 
+-18 40 
+-28 64 
+-30 67 
Ribo. 25 58 
Ribo. 16 35 
Ribo. 19 40 
Ribo. 10 22 
Ribo. 16 42 
B, 27 64 
Avg. 19.2 wg. 47 wg.| 25.8 we. 89 ue. 18 ug. 59 ue. 11.3 ue. 33.6 wg. 
Average cozymase equivalents of 45 cases of pellagra = 17.2 wg. per cubic centimeter 


53 pug. per cubic centimeter of 


sub- 







Ten cases of extreme diabetic acidosis, in addition to the three previously 
reported,'® were tested (1) before insulin therapy, (2) after insulin and glucose 
had been injected and the patients had regained consciousness, and (3) again 
after they were ‘‘regulated’’ on a diabetie diet without special vitamin prepara- 


The red blood cell count of these patients on admission ranged from 


1:1,000. 


1 :6,000. 


state of acidosis. 


crit values were above 50 per cent. 
blood was low on admission, with an average limit of growth in a dilution of 
When the patients were ‘‘regulated’’ as to diet and insulin require- 
ment, the red blood cell counts and hematocrit readings were lower, and the 
coenzyme I and II content of the whole blood was increased so that the average 
limit of growth after successful regulation of the same seven patients was 
Kohn and Bernheim" have reported partial confirmation of this ob- 
servation as a result of their study of 23 regulated diabetic persons not in a 
In a more recent study, Sydenstricker, Geeslin, and Weaver'® 


5,500,000 to 6,000,000 per cubic millimeter because of dehydration; the hemato- 
In contrast, the coenzyme content of the 
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have shown clinically that a very delicate balance exists in certain diabetic 
persons who have subsisted for long periods of time on inadequate and un- 
balaneed diets and who have frequent bouts of active pellagra. The use of in- 
ereased quantities of insulin and glucose in these patients induced an exacerba- 
tion of their pellagrous symptoms. 
Dilutions of Blood 
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Fig. 3.—Maximum blood dilutions of a patient with chronic lymphatic leucemia supporting 
growth of B. influenzae. This figure illustrates the low values for the coenzyme I and II 
content of the blood of persons who have severe leucemia. This particular patient had a 
spectacular increase in the coenzyme content of blood following oral administration of yeast. 
This increase paralleled the patient’s greater strength and sense of well-being, although 
there were no demonstrable changes in the number or character of the cellular elements as 
seen in blood smears. 
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3. Leucemia.—Studies of the blood coenzyme values of patients with 
lymphogenous and myelogenous leucemia have not led to conclusive or con- 
sistent results. In 23 of 27 cases studied by us, the coenzyme values were found 
to be lower than normal, as was described in an earlier study.2° In four se- 
lected cases of lymphatic leucemia, nicotinic acid, administered orally or intra- 
venously, repeatedly failed to increase the level of the coenzymes. In three of 
the four cases the daily simultaneous injection of 25 mg. of nicotinic acid and 5 
mg. of riboflavin induced a slight, but temporary, increase in the coenzyme 
level, but the oral ingestion of from 60 to 100 Gm. of brewer’s yeast daily in- 


creased and maintained the coenzyme level for weeks (Fig. 3). Of these 27 


sases, one patient, H. G., was admitted to the hospital with moist sores around 
the lips of several weeks’ duration. After riboflavin (5 mg. daily) was given 
intravenously for five days, the sores healed and never returned throughout a 
six weeks’ period of observation. Another interesting case in this group was 
I’. H., who, when admitted to the hospital in extremis, had coexisting clinical 
pellagra. These two persons were the only ones of the group of 27 who showed 
clinical evidence of a specific vitamin deficiency. 

4. Pneumococcal Pneumonia.—A_ recent report?’ of 20 eases of pneumo.- 
coceal pneumonia, which were studied before and after serum or sulfapyridine 
therapy, has shown that 17 of the 20 patients studied had blood coenzyme 
values which were below the lowest normal limits found during a simultaneous 
study of 50 normal persons. The low values rose spontaneously to normal in 
these 17 patients following the crisis of their disease. 
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5. Roentgen Sickness—The study of the coenzyme content of blood was 
extended to persons who experienced acute but temporary roentgen sickness, 
because it had been observed”? some time ago that people receiving therapeutic 
doses of roentgen rays exé¢reted abnormal quantities of a porphyrin-like pig- 
ment after exposure to the radiation. Studies on 10 selected patients receiving 
courses of deep roentgen therapy have shown a rapid decrease within twelve 
hours in the coenzyme I and II content of whole blood which was not associ- 
ated with any change in the hematocrit? (Fig. 4). Normal levels per cubic 
centimeter of blood were obtained, however, on these same patients from twenty- 
four to thirty-six hours after the exposure. Unpublished results of Bean, 
Vilter, and Spies have shown that roentgen radiation of blood in vitro did not 
cause a decrease in coenzyme content. 
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Fig. 4.—Showing the decrease in the coenzyme I and II concentration of the blood of 
two ‘‘normal” persons following roentgen therapy, as shown by the growth of B. influenzae 
in aliquot dilutions of blood in hemopeptone broth. 


DISCUSSION 


It has been shown in two laboratories'” '° that nicotinie acid or nicotinic 
acid amide, given orally or intravenously, increases the measurable concentra- 
tion of coenzymes I and II in the blood of normal people and pellagrins. Along 
with the increase in the blood, there is a concomitant increase in the normal 
excretion of nicotinic acid and of coenzymes I and II in the urine. In this 
clinic, low values for coenzymes I and II have been observed in the blood of 
selected patients with pellagra, diabetes mellitus, acute pneumococcal pneu- 
monia, and roentgen sickness (Table III). These findings suggest that the ad- 
ministration of vitamin B concentrates or nicotinie acid to persons with other 
acute infections or metabolic disturbances might well be evaluated clinically 
in a large number of cases. The use of nicotinic acid is accepted in the treat- 
ment of pellagra and has been suggested in certain cases of roentgen sick- 
ness?” 24 and untoward sulfanilamide reactions,”° 
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TABLE III 


TWENTY-Four-Hour GROWTH oF B. INFLUENZAE IN DILUTIONS OF BLOOD IN AUTOCLAVED 
) PEPTONE-BLOOD BROTH 
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The increase in coenzyme I and II content of the blood in patients with pellagra, 
pneumococcal pneumonia, diabetes mellitus, lymphatic leucemia and roentgen sickness follow- 
ing nicotinic acid, sulfapyridine, insulin and well-balanced diet, riboflavin and yeast, respec- 
tively. Controls were made, adding cozymase to the same samples of blood, and blood from 
normal persons was used as an additional control in every instance. 

FACTORS WHICH OPERATE TO DISTURB NUTRITIONAL BALANCE AND TO AFFECT THE 


COENZYME I AND II CONTENT OF THE TISSUES 


External and internal causal factors associated with the development of 
dietary deficiencies are detrimental to the proper physiologic function of the 
body. The most frequent cause of nutritional deficiency disease is a decreased 
intake of vitamins and other nutritious substances. In addition, some persons 
develop deficiency diseases because of faulty assimilation, even though the 
dietary intake may be adequate. Particularly in these persons does the con- 
tinuous excretion of nicotinie acid and other vitamins operate against their 
general well-being. Excessive exercise taxes their strength and appears to 
precipitate relapse and clinical manifestations of deficiency disease, whereas 
acute infection and fever place still greater demand for vitamins upon the 


body. It appears likely that some of the same influences operate against the 
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nutritional health of a ‘‘normal’’ person, but beneficial mechanisms act more 
efficiently and against lesser odds and thus sueceed in maintaining the homeo- 
statie equilibrium. 








FACTORS WHICH OPERATE TO MAINTAIN NUTRITIONAL BALANCE 





Even as there are conditions which upset nutritional equilibrium, there 
probably are as many factors which function to preserve the physiologic bal- 
ance. Long before the etiology of pellagra was in any way understood, rest in 
bed was advocated as the best treatment for the disease. The effectiveness of 
this treatment is still observed, for a certain percentage of pellagrins in mild 
relapse, when given rest in bed without specific medication, return temporarily 
to apparent nutritional balance. Coenzyme I and II studies have been made 
on such eases, and it was found that the initial concentration of coenzymes I 
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Fig. 5.—Showing the initial low coenzyme I and II content of the blood of a pellagrin 
who later showed an increase to normal levels following rest in bed and a caloric maintenance 
of glucose. This type of observation strikingly illustrates the necessity of considering the 
patient from a physiologic point of view. 












and II per cubic centimeter of blood increased spontaneously along with the 
clinical improvement that occurred in 30 per cent of the patients who were 
hospitalized and maintained on glucose and water without specific therapy 
(Fig. 5). Similar phenomena occurred during the initial treatment of persons 
in diabetic coma, for no nutrients, other than saline and glucose, were given. 
Since it was thought that the presence of interfering substances had been ruled 
out by the addition of standard cozymase solution to blood control tubes, the 
observations suggested that in these cases there was sufficient storage of nicotinic 
acid and the coenzymes in various tissues. The observations of other workers 
seem to support this theory in certain particulars, for the studies of Axelrod 
and Elvehjem?* and of Kohn, Klein, and Dann?’ on dogs with blacktongue, 
and the unpublished determinations of Axelrod on the cozymase content of 
skeletal muscle in human beings with pellagra in relapse have shown that the 
level of these coenzymes, particularly cozymase in the blood, brain, and kidney 
cortex, remains at a fairly high level in blacktongue, although it decreases in the 
liver and muscles of dogs with blacktongue and in the muscles of human beings 
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with pellagra. It seems that there is protective homeostatic control of the stor- 
age and distribution of these vital substances in the cells. The process may 
earry on for the benefit of some organs and at the expense of others, and the 
equilibration becomes more difficult as the stores of these coenzyme precursors 
are depleted. 
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Figs. 6 and 7.—Variations in content of cozymase equivalents of red blood cells. 


FACTORS CONCERNED WITH THE CONCENTRATION OF COENZYMES IN WHOLE 
BLOOD AND PACKED CELLS 


There has been considerable question as to the most precise method of expressing 
the units of concentration of these blood coenzymes, principally because of different 
It has been suggested!5 that the calculation 
should be based upon the concentration of cozymase equivalents per cubic centimeter 
Cozymase equivalents, 


theories of their formation and function. 
of packed cells since these coenzymes are largely intracellular. 
calculated in this manner, appear to compensate for differences in the total volume of red 
blood cells encountered during any clinical study. It presupposes a constancy of all 
factors other than the hematocrit values (percentage of cells per volume of blood) and 
assumes that coenzymes are synthesized and used only in the individual cells in which 
they are contained. It assumes also that the nicotinic acid amide in tissue fluids and the 
coenzymes of the cells are in constant equilibrium which is|unaffected by changes in the 


number or size of the cells. 


Such a consideration would seem to exclude the possibility 


of any transfer of preformed coenzyme. 


The presence of tl 


in bacteria-free fresh urine, however, requires some explanat 
of the extracellular existence of these substances. Studies 


stances suggest either a diffusion of these coenzymes which n 


lese coenzyme-like substances 
ion and further investigation 
f the excretion of these sub- 
nay be protected in some way 
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from destruction by the nucleotidases of the serum, or synthesis and secretion of co- 
enzymes by the cells of the kidney tubules, for normal, freshly voided, sterile urine con- 
tains about one to ten times as many cozymase equivalents as does blood plasma. Little 
is known about the relative solubilities of the different antipellagric substances, their 
rates of diffusion, or their selective uptake by different types of cells. The in vitro 
synthesis of the coenzymes in whole blood from nicotinic acid or nicotinic acid amide?8, 29 
shows that some of these substances can enter cells, and it is known39 that cozymase is 
taken up from a medium within eight seconds by bacteria which require it for growth. 
The rate at which nicotinic acid amide or the coenzymes leave cells, however, is not 
known. The very small quantities of coenzymes in the serum suggest that many factors 
control the distribution. 

An alternate method of expressing the concentration of these coenzymes in the blood 
is in units per cubic centimeter of whole blood. The reasons for this are several: (1) In 
anemias of uncomplicated blood loss, cozymase equivalents per cubic centimeter of whole 
blood are usually within the normal range, while values per cubic centimeter of cells are 
usually high. (2) Some pellagrins with anemia have low values for the cozymase equiva- 
lents in whole blood while these values per cubic centimeter of packed cells may be within 
the normal or high range. In contrast to this, pellagrins with normal hematocrit read- 
ings tend to have low values per cubic centimeter of cells as well as per cubic centimeter 
of whole blood (Table II). (3) There is no evidence that the coenzyme content of the 
red blood cell is proportional to cell size. It is labile and in most cases seems to be de- 
termined chiefly by the concentration of the nicotinic acid in the surrounding fluid, for it 
has been shown!15, 16 that the red blood cell can almost double its coenzyme content follow- 
ing the ingestion of nicotinic acid. It appears to us that a calculation using the hemato- 
crit reading as reference is based upon three or more variables: the concentration of 
coenzymes in the red blood cells, the size of the cells, and the number of red blood cells. 
These may vary independently and in direct or indirect proportion (Figs. 2, 6, 7). 


SUMMARY AND CONCLUSIONS 


1. In an extended study of mixed deficiency diseases, it has been observed 
that the concentration of the substances in whole blood which have the growth- 
stimulating properties of the pyridine nucleotides for the influenza and para- 
influenza bacillus is lower in persons subsisting on deficient diets than in normal 
persons on optimal diets. 

2. Low values for the coenzyme concentration of whole blood have been 
observed also in diabetes mellitus, leucemia, roentgen sickness, and pneumococcal 
pneumonia. 

3. The concentration of these coenzymes in the blood of malnourished 
persons was decreased also by exacerbations of the deficiency symptoms, con- 
current infections, and fever, or by excessive physical exercise. When these 
patients improved clinically either after rest in bed, improved dietary intake, 
or specific medication, a parallel increase in the concentration of these co- 
enzymes in the blood was observed. 

4. These studies suggest indirectly that coenzymes I and II in the blood 
are in homeostatic equilibrium with the acid amide and the same coenzymes in 
the other tissues of the body. 
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CLINICAL LABORATORY DETERMINATION OF VITAMIN NUTRITION* 


HENRY FYELp, Jr., M.D., AND DANIEL MELNICK, PH.D.t 
ANN Arpor, MICH. 


T IS impossible, in a short article, to cover all the phases of clinical laboratory 

determination of vitamin nutrition, to give anything approaching a complete 
bibliography of the subject, or to discuss in detail controversial matters. With 
the introduction of simple methods for analysis of ascorbic acid, clinical labora- 
tory diagnosis of vitamin nutrition began to be possible and its importance is 
increasingly recognized. Scurvy was formerly considered a rare disease. It 
has been surprising to find bow many people have blood levels of ascorbic 
acid in or near the range at which clinical seurvy oceurs. Likewise, when 
attention is paid to the symptoms which have been known to occur in classical 
pellagra and to the lessor objective manifestations of it, the number of patients 
whose symptoms may be alleviated by the administration of nicotinic acid or 
the vitamin B complex has been remarkable.’ 

Our position in respect to vitamin deficiencies is now much the same as 
that of clinicians in respect to thyroid disease before clinical observations 
could be checked by basal metabolic rate determinations. The more extreme 
deficiencies usually can be recognized, but for each one of these there are, pre- 
sumably, many cases of less apparent deficiency disease causing ill health. 

The development of means of laboratory diagnosis of deficiency for many 
vitamins does not now appear to be as simple a problem as it has been for 
vitamin C. It may be expected, however, that means will be found. Then many 
cases of ill health of obscure cause may be explained. Many patients who are 
now commonly ealled psychoneurotics may receive a different diagnosis and 
more appropriate treatment. The lesser symptoms of deficiency disease may 
become familiar enough so that patients may commonly be given appropriate 
supplements without laboratory tests. More will be learned of the effects of 
vitamin deficiency on body function, such as the parallelism between the ascorbic 
acid and the complement activity of the blood observed by Ecker and Pillemer? 
in two scorbutie patients during treatment. The levels of vitamin nutrition be- 
vond which further improvement will not benefit the individual may be de- 
termined. 

Chemical and biologic methods have been developed for the assay of certain 
vitamins in the body fluids. The first chemical method was based upon the blue 
color which develops when vitamin A reacts with antimony trichloride in chloro- 
form solution, observed by Carr and Price® in 1926. This was first used for the 
determination of vitamin A in fish oils. The earlier analyses of vitamin A in 
blood serum were unreliable because of inadequate methods of extraction and 
separation from interfering substances. Von Eckelen and Emmerie* in 1935 


*From the Department of Internal Medicine, University of Michigan, Ann Arbor. 
Upjohn Fellow in Clinical Research. 
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introduced the important step of heating serum with potassium hydroxide before 
extracting it. This was used in the extensive studies of Lindqvist.* -Dann and 
Evelyn® in 1938 used the Evelyn photoelectric colorimeter to permit reading of 
the blue color at its maximum and thereby avoid errors due to the waxing and 
waning of the color. Kimble’ described procedures to permit the use of this 
determination on small amounts of serum. 

Ascorbie acid was the next vitamin to be measured by chemical analysis. 
Zilva in 1927® reported that there was in fresh fruit juices a substance that 
would reduce phenolindophenol which was closely associated with the vitamin 
but was not, he thought, identical with it. Tillmans® was able to eliminate the 
apparent discrepancies which Zilva had reported and established that vitamin 
C was a reducing substance. On the basis of extensive studies on oxidation— 
reduction potentials of dyes by Clark, Gibbs and associates’? he chose to use 2, 
6-dichlorophenolindophenol which has continued to be used. Other chemicals 
have been used for titration but have not found much favor. 


Because other constituents of body fluids are also reducing substances, 
the reaction is not specific for ascorbie acid. In blood other reducing sub- 
stances are present in small amounts and cause reduction slowly. Consequently, 
by proper speed and choice of end point satisfactory results may be obtained 
with blood by the titration methods of Farmer and Abt,’ and Pijoan and 
Klemperer,” which have been used extensively in this country.* In urine, how- 
ever, Evelyn, Malloy, and Rosen,** and Roe and Hall’ report that a large 
part of the reducing capacity is due to substances other than ascorbic acid. 
Previous studies of urinary ascorbic acid by titration methods, accordingly, 
need re-evaluation. 

Mindlin and Butler’ described a method using the photoelectric colorimeter 
which eliminates the error due to other reducing substances. Using a larger 
quantity of dye than will be reduced, the residual color is read at thirty seconds. 
Correction for other reducing substances may be made by extrapolation to zero 
time from subsequent readings. Bessey'® added the further step of dropping 
in a erystal of ascorbie acid after the determination to complete the reduction 
of the dye and obtain a subsequent blank. 

The status of chemical methods for vitamin B, determination is less com- 
pletely established. The thiochrome reaction, which permits measurement of the 
fluorescence of partially oxidized thiamin, first observed by Peters,’” studied 
further by Jansen,'* and applied to the analysis of urine by Westenbrink and 
Goudsmit’® is capable of detecting small amounts of thiamin. With it there are 
possibilities of error which we have pointed out®® and which are evidenced by 
the variety of procedures used in the attempt to avoid them and the wide varia- 
tion in the range of values obtained by the different methods. The thiochrome 
method will be an asset to the clinical laboratory if reasonably accurate re- 
sults may be obtained without too time-consuming procedure. 

We have worked out a method?” *! based on the reaction of thiamin with 
p-aminoacetophenone reported by Prebluda and McCollum” which is highly 
specific and accurate. With urine, the necessity of concentration of the 
vitamins into a small volume and its separation from substances which inter- 


*See Table I of Mindlin and Butler.™ 
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fere with the reaction makes the test time-consuming. Hence the method is 
suited to the research laboratory and for the routine analysis of materials with 
a high content of the vitamin. 

Meicklejohn?* used its growth-promoting effect on Phyecomyes blakesleeanus 
to measure thiamin in blood. Sinclair®* has shown that the increment of growth 
is not specific for thiamin and has proposed to neutralize the influence of other 
substances by the addition of whole blood to the medium. Goodhart and Sin- 
clair? have also measured by a fermentation method cocarboxylase in blood, 
where it comprises the major fraction of thiamin. 

Before analyses of vitamins in the body fluids are clinically useful, it 
must be shown that the figures obtained reflect the level of vitamin nutrition 
in the tissues. In the ease of ascorbie acid, blood values apparently do this. 
Van Eckelen”® reported a straight line relationship between blood levels and 
the doses required for saturation. This deserves further investigation, but a 
correlation between intake and blood levels of ascorbic acid has been observed 
repeatedly. 

We?’ have observed a close correlation between dietary history and urinary 
excretion of thiamin. Our studies?* on experimental thiamin deficiency indicate 
that urinary excretion falls off very promptly when an inadequate diet is taken, 
and that the excretory response to a test dose is then needed to evaluate the 
body stores. On the other hand, when a person who has been depleted is given 
a normal intake of thiamin, the depleted state of the body stores continues to be 
shown by a low urinary excretion for a long time. In a large number of de- 
terminations of the blood cocarboxylase in a large variety of conditions Good- 
hart and Sinclair? obtained deviations from normal in the expected directions. 
The wide range of values which they found in the same normal individuals at 
different times indicates the necessity of taking blood samples at a constant, 
longer time after meals or a large possibility of error in the method. 

Relatively little study has been made of riboflavin in human body fluids. 
Sebrell®® and Sydenstricker*! and their associates have recently described mani- 
festations of riboflavin deficiency which we now find to be fairly common. 
Ferrebee** has recently described methods for measuring riboflavin in urine, in 
which the optical system is a considerable improvement over that of previous 
methods and for which the reported comparative results indicate good specificity 
and accuracy. The findings of an early drop in urinary excretion of riboflavin 
during experimental deficiency in rats reported by Vivaneo** and in human 
beings by Emmerie,** together with the subsequent response to test doses reported 
by the latter, indicate a relation of urinary exeretion to riboflavin nutrition 
similar to that which we have found for thiamin.?* 7° 

In the ease of nicotinic acid, there is no close correlation between the content 
of body fluids and that of tissues. Both Kohn** and Elvehjem** and their co- 
workers, using biologic methods of assay, have reported that the nicotinic acid- 
containing enzymes in the blood are not significantly diminished in experimental 
black tongue or in human pellagra,‘ although the tissues are depleted. Using 
our chemical method*’ and trying various methods of ‘‘saturation’’ tests, we*® 
have not found much promise for the direct laboratory diagnosis of nicotinic 
acid deficiency. 
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The significance of blood analyses of vitamin A remains to be determined. 
Wide variations in apparently normal people have been found by Lind- 
qvist.© MeCoord and Luce-Clausen*®® have found no significant increase in the 
blood content of rats fed supplements of vitamin A, although the content of 
their livers was greatly increased over the controls. Lindqvist® found no 
significant change in the blood values of human beings fed large supplements of 
vitamin A. 

Vitamin A is insoluble in water. Josephs*® has reported a rough cor- 
relation between the vitamin A and cholesterol and total lipids in the blood 
in persons whose nutritional status was not evaluated. This had been previ- 
ously a subject of interest. Lindqvist‘! reported that during convalescence 
from pneumonia serum vitamin A values rose before there was any change in 
blood cholesterol. It might be expected that there should be a closer correla- 
tion of the vitamin A of the serum with its neutral fats than with its lipids. 

Another approach to the clinical laboratory diagnosis of vitamin deficiency 
is the measurement of resultant disturbances of body function. When the 
specificity for a vitamin deficiency of the disturbance of body function and its 
sensitivity are established, such a method may help to establish a normal level 
of vitamin nutrition. The question of specificity and sensitivity makes most of 
such methods of doubtful value. 


Attempts have been made to diagnose vitamin C deficiency by measure- 
ment of capillary fragility. As in other studies, without chemical control, Abt, 
Farmer, and Epstein*? did not find any uniform relation between capillary 


fragility and blood ascorbic acid or dietary history. Considering the number 
of factors concerned in purpura and its ineconstaney in seurvy, this is not sur- 
prising. 

Pyruvie acid in blood and urine has been studied in relation to thiamin 
nutrition. Embden and associates*® showed that pyruvic acid is a normal 
intermediary in the carbohydrate metabolism of muscle. Peters and Sinclair** 
identified pyruvie acid in lactate solutions in which avitaminose pigeon brain 
had been incubated. Thompson and Johnson*® demonstrated an increase of 
pyruvie acid in the blood of avitaminose pigeons. Platt and Lu** have shown 
increases of pyruvie acid in the blood of all cases of fulminating beriberi but 
in only a portion of their subacute cases. They have proposed* the determina- 
tion of the increase of blood pyruvate after exercise as a test for thiamin 
deficiency, but their reported results were inconsistent. They did not report 
the amount of exercise used and their test perhaps deserves further investiga- 
tion. 


Attempts have been made to replace the tedious hydrazone method of 
blood pyruvate analysis by determination of bisulfite-binding substances 
(B.B.S.) in the blood. Bisulfite-binding substances include other carbonyl 
compounds. While in experimental animals the blood bisulfite-binding sub- 
stanees have been found to be well correlated with thiamin deficiency, in man 
such correlation has been found neither with clinical evidence of thiamin de- 
ficiency*® nor with our determinations of urinary thiamin.‘® Banerji and 
Harris®® have shown that the addition of sodium lactate to the diet caused in- 
creased exeretion of bisulfite-binding substances in the urine of rats with vary- 
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ing grades of thiamin deficiency. They proposed a similar procedure for test- 
ing human beings, but stated that preliminary tests indicated that it may be 
necessary to modify the procedure in some details. 

Night blindness has been known since the days of Hippocrates when one 
of the methods of its treatment was a liver diet. Block in 1921°' suggested 
that it was due to vitamin A deficiency. Fridericia and Holm” showed that 
in experimental animals the concentration of visual purple in the retina was 
dependent upon vitamin A in the diet and that without it they became night 
blind. 

Attempts to apply determination of dark adaptation to the evaluation of 
vitamin A nutrition have resulted in most conflicting reports. It seems 
probable that these discrepancies are due to varying techniques which may not 
adequately control the biochemical factors involved, and possibly to the in- 
fluence of other vitamins upon dark adaptation. Harris and Abbasy** point 
out that most of the failures to correlate dark adaptation with vitamin A nutri- 
tion have been by those using the biophotometer. Possible inadequacies of 
the procedure used with this apparatus have been discussed by them, by Hecht 
and Mandelbaum,** and by Thomson 2nd co-workers.** The extensive study of 
dark adaptation by Hecht** furnishes a basis for clinical application. Thomson 
and co-workers®*** reported that ten minutes of preliminary dark adaptation, fol- 
lowed by four minutes of bleaching with a bright light, was not adequate to 
eliminate the effect of previous light. Even twenty minutes of dark adaptation 
was not adequate for some subjects.*°” Harris and Abbasy®® considered the 
bleaching light of the biophotometer too weak. Hecht*® has shown the differ- 
ence in the dark adaptation of cones and rods and the desirability of testing 
a known segment of the retina because of the different distribution of cones 
and rods. It will always be necessary to have calibrated accurately the in- 
tensity of the measuring light, and to eliminate the influence of unrelated 
ocular conditions. Nevertheless, the results which we have seen obtained by 
Curtis and his associates*’ indicate that useful studies can be done with the 
biophotometer—perhaps because these studies were on in-patients protected 
from strong light. 

The suggestion of Hecht and Mandelbaum™ that the slow recovery of 
dark adaptation in their patients receiving large supplements of vitamin A, 
compared with the very rapid recovery of dark adaptation in the patients of 
Wald, Jeghers, and Arminio®* and others, was due to their failure to add 
supplements of other vitamins to their experimental diet is probably correct. 
The retinas of many species of animals have been found by von Euler and 
Adler®® and others to contain relatively high concentrations of riboflavin which 
has been supposed to be concerned with dim vision. Sydenstricker and his 
associates*! reported that dimness of vision is a common symptom of tiboflavin 
deficiency in human beings. Kimble and Gordon® reported that individuals 
who had failed to improve their dark adaptation with supplements of vitamin 
A were promptiy restored when riboflavin was also added. In some others 
who failed to improve with riboflavin, ascorbic acid supplements were followed 
by satisfactory improvement. It is possible that some of the discrepancies in 
the reports concerning the relation of vitamin A and dark adaptation are due 
to failure to eliminate the influence of other vitamins. 
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The relation of abnormal pigments in urine to pellagra will become of 
especial importance if a method for direct determination of nicotinic acid 
nutrition is not devised. Beckh, Ellinger, and Spies*' reported the occurrence 
in the urine of pellagrins of large amounts of porphyrins. Later Spies and his 
associates® called the pigment ‘“porphyrin-like substanees.’’ They reported® 
that the pigment excretion returned to normal in from one to six days in 16 
pellagrins receiving vitamin supplements. But in 4 pellagrins on a basal diet 
without supplements, the pigment excretion also returned to normal, although 
only after four to six weeks. Watson*t and Meiklejohn and Kark® have identi- 
fied the abnormal urinary pigment as urorosein and probably another related 
pigment. They report the occurrence of these pigments in the urine of patients 
with diseases other than pellagra. The possibility of an associated vitamin de- 
ficiency in such patients and the relation of such pigment excretion to liver 
diseases requires further investigation. 
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THE ROLE OF BLOOD CLOTTING ANOMALIES IN THE 
HEMORRHAGIC DISEASES 


JOHN H. FERGusoN, M.D., ANN Arpor, MICH. 


LEEDING involves factors of positive causation as well as of failure to 
control. Causes include injuries and factors relating to capillary fragility. 
The latter is increased in scurvy and in eapillary and thrombocytopenic pur- 
puras. It has not been convincingly proved that the citrus juice factor which 


appears to control capillary resistance is the vitamin P of Szent-Gyérgyi and 
his colleagues,! vitamin C, or an unidentified agent. Vitamin C is ascorbic 
(cevitamic) acid,? whereas vitamin P or citrin consists of flavone-glucosides.* 

Arrest of hemorrhage and plugging of the vascular leak involve vasocon- 
striction and thrombus formation. These are illustrated in some published ex- 
periments® on frog mesenteric capillaries. Fig. 1* shows an endothelial cell 
selectively stimulated by micromanipulation. The ensuing contraction par- 
tially occludes the lumen of the capillary. As shown in Fig. 2,t a more vigorous 
pricking of the endothelium has caused injury to the vessel wall, but the escape 
of blood is prevented by the formation of a thrombus consisting, at first, solely 
of cells. If the blood flow is sufficiently slow, the red blood cells take part and, 
in the example cited, they form the whole mass, except for a single white cell 
(W) seen clinging to the distal end of the clump. With a faster blood flow 
only the ‘‘stickiest’’ cells adhere and agglutinate. In the mammal these are the 
platelets, some of which are shown in the blood clot in Fig. 3. Note the little 
vesicles visible under the dark-field illumination. These represent the result of 
a peculiar form of lysis which oceurs in platelets just prior to blood coagula- 
tion.* The altered platelets provide some agent which takes part in blood c¢o- 
agulation, and a network of fibrin threads (a few of which are seen in Fig. 3) 
binds the cell thrombus more firmly together. The point to be emphasized, how- 
ever, is that the special function of platelets and other cells in thrombus forma- 
tion is to adhere together and add mechanical strength and tenacity to the clot. 
Platelets are believed also to aid in the clot retraction which makes for addi- 
tional firmness. We shall make further reference to their role in blood coagula- 
tion. 

The following deals principally with the clotting mechanism proper in an 
attempt to show how our current knowledge,’ largely derived from in vitro 
experiments, helps to rationalize many of the clinical problems of the so-called 
‘‘hemorrhagie diathesis’’ or ‘‘bleeding tendency.’’ 

Fig. 4 presents a scheme of the essential clotting reactions. The main phe- 
nomena are well understood: a coagulant (thrombin) is first formed from an 


*Reference 3, Fig. 2, p. 463. 
yReference 3, Fig. 4, p. 464. 
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inactive precursor (prothrombin) and then acts on fibrinogen to form fibrin. 
Prothrombin and fibrinogen are prepared by empirical methods from the globu- 
lin fraction of the plasma proteins. The conversion of prothrombin to thrombin 
requires certain activating agents. The first is ionized calcium salts. The sec- 
ond is the so-called thromboplastic factor which has come into new prominence 
in the last few years. The phospholipid cephalin has an important role, but 
there are undoubtedly other accessory factors (vide infra). The clotting re- 
actions may be inhibited by specific agents, acting either upon the process of 
prothrombin activation (whence the designation ‘‘antiprothrombie’’) or upon 
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Fig. 1.—Untouched photomicrograph, showing localized contraction of single endothelial 
cell (FZ) of frog’s mesenteric capillary, in response to micromanipulation by needle (N). The 
appearance prior to stimulation was very similar to that of the ordinary endothelial nucleus 
(e.n.). A previously manipulated Rouget cell (R) may be seen to have rounded off and with- 
drawn slightly from the capillary wall without affecting, to any appreciable extent, the caliber 
of the underlying blood vessel. There is ‘‘physiologic stagnation’’ of the capillary blood flow, 
unrelated to the manipulative procedures. 





Fig. 2.—Untouched photomicrograph (frog mesentery), showing (1) maximal capillary 
dilation and rapid blood flow due to incipient inflammatory reaction; (2) formation of red 
blood cell ‘‘thrombus’”’ (7) at site of endothelial injury, effected by microdissection needle [a 
single white corpuscle (W) is attached to lower pole of thrombus]; (3) the constricting effect 
of connective tissue bands (B); (4) a marginating leucocyte (M); and another (E#) emigrat- 
ing through the wall of capillary (C). 
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the thrombin-fibrinogen interaction (hence the term ‘‘antithrombic’’). The 
fundamental reactions are subject to a variety of nonspecific influences, such as 
temperature, pH, salt concentration, ‘‘wetting’’ (lowering of surface tension), 
dilution, and the like. 


Fig. 3.—Dark-field photomicrograph of coagulated human blood drop. Note especially 
the vesicular formations from altered platelets and the ‘‘needles’’ of fibrin. The field also 
includes numerous refractile erythrocytes and a single polymorphonuclear (neutrophile) leu- 
cocyte. 


PROTHROMBIN 





ACTIVATORS* t INHIBITORS** 


THROMBIN 
- 
kK————— INHIBITORS*** 








FIBRINOGEN + FIBRIN 


Fig. 4.—*Activators: (1) Calcium salts. (2) Thromboplastic agents, including (a) 
phospholipids (cephalin), (b) ? thromboplastic enzyme, and (c) ? diffusible factor. 
**Inhibitors: Antiprothrombins, including heparin and other sulfonic substances. 


***Inhibitors: Antithrombins, including hirudin, heparin plus’ plasma-albumin, etc. 

Nonspecific factors: Temperature, pH, salt concentration, ‘‘wetting,’’ etc. 

Fig. 5 shows the chief steps in a typical experiment to analyze the clotting 
mechanism by purifying its components with modern methods.’ The diagram 
illustrates the clotting time on reealeifying (with and without added cephalin) 
the various fibrinogen-containing materials. Each interval represents one min- 
ute. An especially careful technique in collection of. the blood, repeated 
centrifugalization, and Berkefeld filtration of the plasma insure a plasma quite 
free from any products of tissue, platelet, or other cellular (including bacterial) 
origin. Such plasma invariably clots in about ten minutes or less on simple 
recalcification (No. 4). This is a minor delay over the two to four minutes for 
unfiltered plasma, but the clotting time is easily restored to normal by adding 
a trace of pure cephalin (No. 5). The important conclusion is that the blood 
plasma itself contains all the essential factors for clotting, including much more 
phospholipid than the whole of the platelet content. Of course, maintenance 
of the normal fluidity of blood must mean that these factors are not all ‘‘avail- 
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able.’’ It is quite possible that the thromboplastic factor in the platelets is 
more readily available than that of the plasma, but we are inclined to minimize 
the role of platelets and similar material in blood clotting. Hence, we do not 
attribute the bleeding in cases of thrombocytopenia to any significant clotting 
anomaly, but refer to other explanations, including (1) decreased capillary 
resistance to injury, and (2) poor thrombus formation in terms of mechanical 
properties, such as adhesiveness and retractibility. These have already been 
discussed. Clotting time is normal in thrombocytopenic purpura; it is only the 
bleeding time which is prolonged. : 


CLOTTING PROPERTIES OF REAGENTS PREPARED FROM DOG BLOOD 


Protocol. Temperature : 38°C. pH : 705 


Fresh Dog Blood 

Citrated plasma + calcium 

Citrated plasma + cephelin + oe 
Berkefeld (V) - filtered plasma + Ca 


Berkefeld-filtered plasma + cephalin + Ca 





Adsorbed (Mg(OH)p or Al(0H)3) plasma + Ca 








Adsorbed plasma ¢ cephalin + Ca | 








Fibrinogen (3 pptns. with (NH4) 2S04) + Ca 








Fibrinogen * cephalin + Ca 





Fibrinogen + (5 min. prothromoin +cephaline Ca) 


B.ee-Fibrinogen + (5 min. B.e.-prothrombin ¢ceph. Ca) 








B.e.=Fibrinogen # (10 min, B.e.-prothrombin + Ca) 





Fig. 5. 


Returning to the fibrinogen, it is seen that the final preparations (Nos. 8, 
9) show no clot on recalcification even with the addition of cephalin or other 
thromboplastic agents. This means that we have eliminated all traces of pro- 
thrombin. Clotting occurs, however, in less than one minute on the addition 
of an active thrombin preparation. We have recently succeeded in obtaining 
fibrinogen in the dry state by means of the lyophile technique.® 

Fibrinogen, of course, is the sine qua non of the fibrin clot. It is found 
that the fibrinogen concentration in experimental tests may be varied widely 
with only a minor influence on coagulation time. The character of the clot 
alters. Below a certain concentration, the coagulum formed is very weak, 
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suggesting that the equivalent in vivo would not be much good for the arrest of 
hemorrhage. There are marked variations in the blood fibrinogen content in 
various diseases, and hemorrhagic conditions associated with lowering of the 
plasma fibrinogen are clearly recognized although they appear to be rare. 
Pseudohemophilia is said to fall into this class. The typical case is familial 
and has a long bleeding time, but a normal platelet count.° A simple plasma 
protein analysis would establish the fibrinogen deficiency but, as far as we are 
aware, this has seldom been reported in the clinical literature. In the fibrinogen 
deficiencies accompanying liver dysfunction, the prothrombin is usually lowered 
as well and this often precedes the fibrinogen decrease. Naturally, one would 
not expect to benefit these patients with any measures aimed solely at increasing 
the thrombie function. The rational treatment is to tide over the hemorrhagic 
crisis with transfusions and subsequently to build up the blood proteins by 
dietary and other means. 


RATE OF THROMBIN FORMATION: PROTHROMBIN (10) +45 CaC1,(1) 
QO: CEPHALIN (1). DOG. 38°C. 
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TIME OF INCUBATION OF COAGULANT MIXTURE - MINUTES 
° 


Fig. 6.—Prothrombin activation curve. This affords information as to the rate and 
amount of thrombin formation. The role of calcium is evident from the different effects of 
oxalate (or citrate) at the three zones depicted. In Zone I thrombin formation is completely 
inhibited; in Zone II the oxalate progressively removes calcium and inactivates the ‘“inter- 
mediary’’ complex; in Zone III the ‘‘ripe’’ thrombin resists the decalcifying action of oxalate, 
electrodialysis, etc. 

Most of our recent work concerns the process of conversion of prothrombin 
to thrombin. We have little to say as to the nature of prothrombin. It is 
obtained from plasma by various precipitation methods.’ The best preparations 
contain proteins, phospholipids, salts, ete. However, it is significant that the 
agents necessary to activate prothrombin are being more and more clearly 
defined. Prothrombin, in our experience, is never activated spontaneously. It 
needs calcium salts and usually some thromboplastie agent in addition. In the 


last two experiments of Fig. 5, the prothrombin and fibrinogen solutions were 
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extracted with benzene prior to the tests.!° The emphasis is on the result 
rather than the interpretation of the technique. Experiment No. 11 shows that 
the benzene-extracted fibrinogen is readily clotted by a thrombin made from 
the benzene-extracted prothrombin by five minutes’ incubation with calcium 
and cephalin. Experiment No. 12 shows that calcium alone is insufficient. We 
shall return to this point later. 


Fig. 6 illustrates the standard technique with which we follow the process 
of thrombin formation. A mixture of prothrombin and calcium salt plus any 
activator or inhibitor we wish to investigate is incubated, preferably at a cool 
temperature (10 to 20° C.), in order to control possible deterioration.’ At 
various time intervals, charted on the abscissa of the graph, a measured sample 
is removed and added to a fixed amount of fibrinogen (under constant condi- 
tions), and the clotting time is noted and plotted on the ordinate of the graph. 
Clotting time is a measure of thrombin concentration and gives us a relative 
value for the amount of thrombin present at the time the test is made. The 
shorter the clotting time, or the lower the curve, the more potent is the thrombin. 
We may term the graph the ‘‘activation curve’’ of the particular thrombie mix- 
ture. We have published’? a series of such curves with varying amounts of 
cephalin. The more phospholipid, the lower the curve, i.e., the greater the 
thrombin formation. The same sort of thing occurs, but even more strikingly, 
when we vary the caleium.*° 

TABLE I 


SCHEMA OF THROMBIN FORMATION 








Plasma globulins (excluding 1. Plasma lipoproteins Blood calcium 
fibrinogen) or agent asso- 2. Platelets 
ciated with proteins 3." Other cells and tissues 


Prothrombin ‘“ Available’’ cephalin Caleium salts Zone I 
(? protein) (phospholipid) (ionized ) 
Intermediary complex Zone II 


(protein-phospholipid-calecium ) 


‘*Ripe’’ thrombin Zone II 





Table I summarizes our view as to-the fundamental reactions of thrombin 
formation. Evidence previously published" supports the view that:there is the 
formation of an intermediary colloidal complex containing prothrombin, ceph- 
alin, and calcium in definite quantitative proportions. The final, older (‘‘ripe’’) 
thrombin may be prepared free from all traces of caleium; it retains consider- 
able activity after aleohol-ether (3:1) extraction (at room temperature) and 
is well preserved under acetone. 

It is only the ionized form of ealecium which takes part in the conversion of 
prothrombin to thrombin.’? Ransmeier and McLean" have recently found the 
optimum ealeium ion concentration for plasma clotting to be almost identical 
with the normal value for ‘‘diffusible’’ caleium in serum. Too much calcium 
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is inhibitory, a nonspecific salt (cation) effect. Too little fails to convert all 
the prothrombin. The minimum calcium ion concentration for clotting is below 
the lowest serum calcium level compatible with life, at least in experimental 
dogs. It would seem unlikely that clinical variations in the serum calcium 
level can materially affect clotting time or that calcium administration can be 
expected to exert any therapeutic benefit attributable to assistance in the 
clotting mechanism. 

Typical prothrombin preparations are very poorly activated by calcium 
alone, and some solutions (Fig. 5) are quite unable to clot fibrinogen on simple 
recalcification. In this case a so-called ‘‘thromboplastic agent’’ is an essential 
addition. The phospholipid cephalin, as isolated from brain and other tissue 
sources, is such a thromboplastic agent. Crude aqueous tissue extracts, known 
as thrombokinase or thromboplastins, act similarly,’ but we shall later point 
out some significant differences. Pure cephalin is surprisingly active, a solution 
as great as 1:1,000,000 exerting a definite thromboplastic effect. Some snake 
venoms are more than one hundred times more active than this..° We have 
analyzed blood plasma, platelets, and corpuscles from the various hemorrhagic 
diseases without finding any significant decrease in total phospholipid or 
cephalin content.? 


Prothrombin solutions, which were very poorly activated by calcium alone, 
analyzed some 8 to 30 mg. per cent of total phospholipid, of which about 40 
to 60 per cent was cephalin (choline-free). These amounts of cephalin, added 
in the form of a solution of the isolated phospholipid, produce rapid and 
abundant thrombin formation. There is an experimental difference, therefore, 
between cephalin in simple solution and the form in which it oceurs in the 
natural materials. We now have clear evidence’ that the cephalin in prac- 
tically every crude material studied (and this applies to plasma, prothrombin, 
platelets, lung and brain extracts) is all in firm combination with the proteins 
present. This is true, at least, of the ability to extract it with simple fat 
solvents, such as ether, benzene, and the like. With regard to the crude thrombo- 
plastins (or aqueous tissue extracts), it has become evident in contemporary 
methods of prothrombin estimation’® that these materials are much more active 
than the equivalent of their isolated phospholipids. Our quantitative data prove 
this beyond a reasonable doubt. We are thus led to two conclusions, viz., (1) 
that the phospholipid of the natural thromboplastic system is not necessarily 
‘‘available’’ for clotting, and (2) that a new factor must be sought for to ex- 
plain the full mechanism of thromboplastic action. The latter conclusion is 
foreshadowed in the investigations of plasma or serum globulin in hemophilia 
by Bendien and van Creveld,?° of Amsterdam, and also by a group of Harvard 
workers.21_ Howell, of Baltimore, has reported preliminary attempts at isola- 
tion, but his published data?? neither suggest the possibility of an enzyme nor 
do they suffice to rule it out. In deference to these and other claims,?* we have 
ineluded a possible diffusible factor among accessory thromboplastic agents 
(Fig. 4). 

An extensive series of comparative experiments with Kunitz and North- 
rop’s crystalline trypsin leads us to believe that such an enzyme may be the 
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thromboplastic factor for which we are looking. The published data’ may. be 
condensed into the statement that an artificial system of trypsin plus calcium 
closely resembles aqueous tissue extracts in every reaction tested. Cephalin is 
also adjuvant, and, in such experimental differences between cephalin and 
erude thromboplastin as can be defined, the new mixture provides a means of 
bridging the divergence of findings. The accessory thromboplastic action of 
erystalline trypsin is evident in the thrombin formation data of Table IT. 


TABLE II 


THE ROLE oF CALCIUM, CEPHALIN, AND CRYSTALLINE TRYPSIN IN EXPERIMENTAL 
THROMBIN FORMATION 


Thrombic mixtures (T) = 4.0 ¢.c. prothrombin solution + 1.0 ¢.c. activating agents 
(suitably diluted). Calcium is expressed in milliequivalents, and trypsin and cephalin in 
milligrams, per 5.0 c.c. of thrombic mixture. Thrombin formation at 15° C. Clotting times 
for 0.5 cc. T + 1.0 ¢.c. fibrinogen solution (prothrombin-free) at 38° C. 








ACTIVATING AGENTS IN THROMBIN INCUBATION PERIOD (MINUTES) AT 15° c. 
THROMBIC MIXTURE 2’ 5’ 10’ 20’ 30’ 45’ 60’ 180’ 
Calcium (0.025) 203’ | 167’ 55’ 28’ 19’ ay 47” 
Calcium (0.025) + cephalin 47” 35” on" Tt 22" | 19” 18” 18” 
(0.25) 
Calcium (0.025) + cephalin 27” 20" QO || 20" 20” 
(0.25) + trypsin (0.05) 
Calcium (0.025) + trypsin (0.05) 180” | 145” | 25” | 20” 20” 
Trypsin (0.05) 120” | 40” 257 






































Tryptice activity in blood plasma and tissue extracts has been previously 
established and is a complex story, involving an inactive enzyme precursor 


which must be freed from a specific inhibitor and then activated by a special 
kinase.2* We are currently.engaged in the task which has been opened up for 
correlating ail this with blood coagulation. In the meantime, it can be stated 
that the ability of both trypsin and tissue extracts to restore the coagulability 
of hemophilic blood in vitro is due to the acceleration of the conversion of 
prothrombin to thrombin, delay in which has long been recognized to underlie 
the coagulation defect of hemophilia.‘® This is shown for trypsin in Table ITI ;* 
tissue extracts are similar; cephalin has little or no influence. There does not 
seem to be anything wrong with the tissue factor in hemophilia, which probably 
accounts for the normal bleeding time which is usually obtained by the Duke 
test in which, of course, the blood flows over the tissues damaged by the puncture 
needle. There is an unusually slow breakdown of platelets in hemophilia,’ but 
it is difficult to say whether this is the cause or the effect of the plasma de- 
ficiency. Our suggestion is that hemophilia is a deficiency in the plasma con- 
tent of the new thromboplastie factor, which we are tentatively calling ‘‘throm- 
boplastic enzyme.’’ We have reason to believe that the enzyme normally acts 
by ‘‘mobilizing’’ ecaleium and cephalin for the conversion of prothrombin to 
thrombin.’ 

Prothrombin is the protein component of the clotting agent. We are not 
prepared to discuss the hypothesis. advanced by Eagle,*® which suggests that it 
assumes an enzyme-character after conversion to thrombin, but we would like 
to review current methods of prothrombin estimation and the role of vitamin 


*Reference 18, Table II. 
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K in the treatment of prothrombin deficiencies. Clotting time in fibrinogen- 
thrombin mixtures is a linear function of the thrombin concentration. If, 
therefore, adequate calcium and thromboplastin are added to convert all pro- 
thrombin to stable thrombin, it is possible to obtain a measure of prothrombin 
concentration in plasma, ete., in terms of an empirical standard control. 


TABLE IIT 


ACTIVATION OF RECALCIFIED HEMOPHILIC ‘‘GLOBULIN SUBSTANCE’’ (PROTHROMBIN) BY 
CRYSTALLINE TRYPSIN 


G, = 2.0 e.c. hemophilie ‘‘ globulin substance’’ (G) + 0.4 ¢.c. distilled water + 1.6 ¢.c. N/10 
CaCl.. 

G, = 2.0 ec. hemophilic ‘‘ globulin substance’’ (G) + 0.4 ¢.c. (= 0.1 mg.) trypsin + 1.6 cc. 
N/10 CaCl,,. 

Mixtures held at 24° C.; 0.25 ¢.c. test portions added to 0.5 ¢.c. quantities of hemophilic 
citrated plasma (same case) at times shown. Clotting times, seconds, at 38° C. 








THROMBIN FORMATION PERIOD, MINUTES, AT 24° ¢., 








] 5’ | 10’ | 20’ | 30’ | 45! 
G, 270” 180” 145” 135” | 105” 62” 
G 40” a7” 10” fal | fe fa 


2 





Controls.—1. 0.5 ¢.c. hemophilic plasma + 0.3 ¢.e, distilled water + 0.2 ¢.c. N/10 CaCl, 
= yeu” *q45/T.) 
2. 0.5 ec. hemophilic plasma + 0.1 ¢.c. H,O + 0.2 ec. ‘6G’? + 0.2 ee. N/10 CaCl, = 


orn" 
275 
c.c. hemophilic plasma + 0.3 ¢c.c. H,O + 0.2 ec. (= 0.1 mg.) trypsin = no clot 
e.c. hemophilic plasma + 0.2 ¢.c. ‘*G’’ + 0.2 ec. CaCl, + 0.2 ¢ec. trypsin = 70” 


3. 0.5 

4. 0.5 
There are many technical difficulties, the least controlled being the possibility 
of prothrombin deterioration. Quick’s test?® is a relatively simple attempt, 
consisting of oxalated plasma plus calcium plus brain thromboplastin, the clot- 
ting time of which is compared under standardized conditions with a normal 
control (or series). However, the test is really timing two independent re- 
actions, viz., the conversion of prothrombin to thrombin on the one hand, and 
the actual fibrinogen-thrombin interaction on the other.27 This is an important 
theoretical objection but may not be unduly significant for clinical interpreta- 
tions. Smith and his colleagues?® at Iowa have a more complicated technique 
which endeavors to separate the two phases of clotting. Without entering into 
a technical discussion, it may be stated, for the consideration of those who feel 
critically towards the new prothrombin tests, that they are still in a highly 
empirical stage. There is a tendency to avoid arbitrary ‘‘percentages’’ of pro- 
thrombin and to be satisfied with a comparison of the actual clotting times of 
the unknown and normal controls. As rough indices of plasma prothrombin 
content, these tests do give valuable information and there can be no doubt 
that prothrombin deficiency is an important factor in certain hemorrhagic con- 
ditions, such as vitamin K deficiency in chicks, certain toxie states in domestic 
animals, experimental and clinical disorders of the liver and biliary system, 
and, of special interest to pediatricians, hemorrhagic disease of the newborn.?® 
All these are benefited by vitamin K preparations. This fat-soluble dietary 
factor®’ discovered by Dam (Copenhagen) and by Almquist (California) has 
now been shown to be a common property of a number of 1, 4-naphthoquinones, 
and we may shortly expect commercial exploitation of active synthetic products, 
as well as the natural concentrates of alfalfa, kale, spinach, tomatoes, dried 
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carrot tops, chestnut leaves, oak sprouts, soybean oil, putrefied fish meal, ete. 
Naphthoquinones are associated with bacterial pigment metabolism (as in the 
phthiocol from the tubercle bacillus). Alimentary tract microorganisms are 
thought to elaborate adequate vitamin K in most animals, with the possible ex- 
ception of very young human infants. Bile is probably necessary for absorption 
of the vitamin. Dr. A. M. Snell** and his colleagues (Mayo Clinic) emphasize 
the importance of intestinal conditions in vitarhin K absorption, and it must 
also be stressed that the effectiveness of therapeutic use is dependent upon an 
adequate liver function. Use in the hemorrhagic diseases is indicated in, and 
should be confined to, cases with prothrombin deficiency. 


TABLE IV 


EFFECTS OF HEPARIN ON THE FORMATION OF THROMBIN FRoM RECALCIFIED PROTHROMBIN IN 
THE PRESENCE OF VARIOUS THROMBOPLASTIC AGENTS 


Thrombic mixture (T) = 4 ee. prothrombin solution + 1 ¢.c. activator (s) plus 
inhibitor (suitably diluted), incubated at 15° C, All mixtures include CaCl, (0.05 meq. Ca 
per 5 c.c. T). Cephalin, trypsin, and heparin : mg. per 5 cc. T. Clotting Times (sec.) 
at 38° C. : 1 @e. fibrinogen (prothrombin-free) + 0.5 ¢.c. T. 








THROMBIN FORMATION PERIOD, 
































T THROMBOPLASTIC AGENT INHIBITOR MINUTES, AT 15° ©. 

¥ 5’ 10’ | 20’ 30’ 60’ 

*Cephalin (0.1) —_ — | 50” 20” | 11” 9” 9” 

2 |Cephalin (0.1) Heparin (0.5) | — ora) ora) ora) oa) oa) 

3 |tBrain P-lipids (0.025) —_ 50” | 20” 10” 8” 6” 6” 

4 |Brain P-lipids (0.025) Heparin (0.5) co 00 ora) co =| $1800” | $360” 

5 |Thromboplastin (0.25 e¢.e.) _ or} 16" gF (ins C bo 
including 0.025 mg. P-lipid 

6 |Thromboplastin (0.25  c¢.c.)| Heparin (0.5) |$720” | 16” 10” Ys is i 
including 0.025 mg. P-lipid 

7 |Trypsin (0.125) _ wo] oe* | 30° a9” i 6s 

8 |Trypsin (0.125) Heparin (0.5) | © 97” | 32”) 13” 1 9” 

9 |Trypsin (0.05) save co | 95” | 30”| 15” 14”| 11” 

10 |Trypsin (0.05) Heparin (0.5) 00 foe 660” | 70” 32” 1 18” 





*The cephalin was an old preparation which appears to have lost somewhat more than 
three-fourths of its original potency. 


*Quick’s ‘‘thromboplastin’’ extracted with alcohol-ether (3:1); acetone-insoluble P-lipids 
recovered in ether-petroleum ether, dried, and prepared in aqueous solution (1:10,000) 


tIndicates incomplete coagulation. 


Bleeding in allergic states is no doubt a greater problem than can be ex- 
plained in the light of current knowledge, but the following experiment from 
the Toronto laboratories*! appears to be of considerable significance. Dogs 
were thrown into anaphylactic shock after sensitization to alum-treated horse 
serum. During shock the blood became incoagulable and this was shown to 
be associated with a great outpouring of heparin. It could be demonstrated 
in the blood in several ways, including the actual isolation of the barium salt 
in erystalline form.*? Heparin* is a product originally isolated from the liver 
by Howell and Holt** in 1918, but now prepared from lung*‘ in the Connaught 
laboratories at Toronto. It results from the combination of several organic 
acids, ineluding mucoitin-polysulfurie acids, with the base glucosamine (Jorpes) .*° 

If the anaphylactic experiment is repeated after extirpation of the liver 
in an acute experiment, the dog still shows symptoms of shock, but the blood 
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is no longer incoagulable and there is no demonstrable heparin increase. It 
may be concluded, therefore, that in cases with demonstrable increase in the 
antithrombie factors in the blood, bleeding may be associated with the outpour- 
ing of heparin from liver reserves. 


TABLE V 


SYNERGISM BETWEEN ANTITHROMBIC ACTIONS OF HEPARIN (CONNAUGHT LABORATORIES) 
AND CRUDE PLASMA ‘‘ ALBUMIN’? (DIALYZED) 


Thrombin: Stock preparation (prothrombin + calcium + cephalin + brain extract) 
kept under acetone and prepared for use by evaporating acetone and redissolving it in 


0.9 per cent NaCl at pH 7.25. 








THROMBIN 


(C.C.) 


DISTILLED 
WATER 
(C.c.) 


HEPARIN 
(MG. IN 
0.25 c.c.) 


¢¢ ALBUMIN”? 


(C.C.) 


FIBRINOGEN* 


(Gie5) 


CLOTTING 
TIME 
(38° ©.) 





5 


6t 


~ 
S © 
. . 


— 
~ 





SS 
ocococc 


2 





0.5 

0.25 
0.25 
0.25 


0.25 





0.05 
0.05 
0.05 





0.2% 
0 


0.25 
0.25t 








14 sec. 
18 see. 
33 sec. 
23 sec. 
>4 hr. 
26 see. 





*Fibrinogen added immediately, except in No. 3 where the addition was deferred for 
one hour; the increase in clotting time is scarcely significant in comparison with the immediate 


antithrombic effect noted in No. 5. 
7A weak solution of dialyzed crystalline serum albumin (McMeekin) was used in No. 6. 


As to the manner in which heparin acts, Howell and Holt (1918)** postu- 
lated a dual role. action (so-called) is the 
This has recently been 
denied by at least four groups of workers (Mellanby, Quick, Smith and co- 
workers, and Astrup), but the last two admit that it can occur in the presence 


The first or ‘‘antiprothrombie’’ 
prevention of conversion of prothrombin to thrombin. 


of an accessory plasma factor, possibly identical with the second mechanism 
We have*® pointed out that all these recent workers used strong 
If, how- 
ever, only the isolated phospholipid is used, the classical antiprothrombie action 
The in- 
hibitory action, therefore, refers to the thromboplastic system rather than to 


(vide intra). 
aqueous thromboplastins in converting the prothrombin to thrombin. 


of Howell is confirmed, without any accessory factor (Table IV).* 


the prothrombin itself. There is no doubt as to the second mode of action 
’ of Howell and Holt) in which inactivation of fully formed 
thrombin is secured if, and only if, an additional factor, believed to be associated 
with plasma albumin (Quick) is present (Table V). We have recently performed 
some preliminary experiments with a pure crystalline serum albumin kindly sup- 
plied by Dr. T. L. MeMeekin (Harvard) which accords with the findings of 
the Toronto workers* in failing to show definite antithrombiec action with 
mixtures of erystalline albumin and heparin. This difference from the crude 


(‘‘proantithrombiec’ 


‘‘albumin”’ is unexplained. 


The real nature and mode of action't of ‘‘antithrombin(s)’’ are not fully 
understood, but much significance attaches to the data of Fischer (Copen- 
hagen)** showing the ability of heparin to form molecular compounds with 
proteins and protein split-products to make substances having a shift in their 


*Reference 36, Table II. 
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isoelectric point in the acid direction. In situations where antithrombiec factors 
are definitely demonstrable there can be little doubt as to their effectiveness in 
retarding in vivo as well as in vitro blood clotting. 






SUMMARY 






Prolongation of clotting time may contribute to those hemorrhagic states 
in which we can demonstrate (or postulate) either prothrombin or thrombo- 
plastin deficiencies or an excess of antithrombie factors. Calcium may be ex- 
cluded from practical consideration. Factors such as fibrinogen and platelet 
defects play a role in determining the effectiveness of clotting and thrombosis 
in the arrest of hemorrhage. All these are controlling mechanisms, and the 
prior causative factors, including capillary injury, must also receive the fullest 
consideration. 
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HEMOLYTIC ANEMIA* 


RusseLut L. Haven, M.D., CLEVELAND, OHIO 


VERY anemia results from a loss of balance between red blood cell forma- 
tion and red blood cell destruction. A hemolytic anemia is one due to a 
more rapid destruction of erythrocytes than the bone marrow can replace. The 
normal method of disposal of worn-out, or otherwise injured, cells is by hemol- 
ysis. Almost a trillion, or one twenty-fifth, of all the circulating erythrocytes 
are so disposed of each day. Normally a delicate balance is maintained between 
erythrocyte formation and the hemolysis of cells. If hemolysis is excessive from 
any cause, an anemia results. 

A normal mature erythrocyte is a discoid cell composed of water, protein, 
lipoid, and salts. Ponder, after reviewing various theories concerning its struec- 
ture, concludes that, ‘‘The conception that the red cell possesses a distinct struc- 
tural membrane of considerable strength composed of protein, lipoid, and per- 
haps other substances, that the interior of the cell contains a fine network, and 
that the hemoglobin is contained in the meshes of this fine stroma, perhaps 
partially adsorbed to it, meets all arguments.’’ Ponder? emphasizes that this 
shape makes it necessary to consider the cell as being in a state of considerable 
and permanent strain. This strain may be due to the surface membrane of 
protein and lipoids which cannot be demonstrated histologically, or be dependent 
on the nature of the internal stroma. When the strain is released, the cell 
assumes a spherical form, as a result of the action of surface tension. 

Every red blood cell wears out in time. The exact span of life is unknown. 
Perhaps thirty days is an average. The precise factors influencing the normal 
termination of the activity of an erythrocyte and the method of its disposal are 
not clear. The spleen plays a major role in destruction and seems to be the 
graveyard for the worn-out cell. When a cell has been injured by the normal 
wear and tear of use, or by some toxie agent, the ceil tends to become spherical 
from the loss of the surface or intracellular forces which normally hold it as 
a biconcave disk. Such a change seems the first stage of hemolysis. There is 
much evidence that a substance, lysolecithin,? which is formed in the spieen 
and makes erythrocytes spherical, aids in the normal hemolysis of old and 
injured cells and, at times, may be a factor in abnormal hemolysis. 

The erythrocytes are taken out of circulation by the reticulo-endothelial 
cells. The cell stroma is completely broken up. The hemoglobin contained in 
the stromatin does not return to the blood as such but is disintegrated by the 
reticulo-endothelial cells. The globin-hematin combination in the hemoglobin 
molecule is split up, the iron in the hematin fraction is set free, and bilirubin 
is formed. 


*From the Cleveland Clinic. 
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There are no end products of the stroma which can be identified in the 
laboratory. The hemoglobin is quantitatively converted into bilirubin, however, 
so if the amount of bilirubin formed is known, the amount of hemoglobin de- 
stroyed and, indirectly, the number of erythrocytes lost, can be calculated. 
The only exact way to measure bilirubin so formed would be to analyze the total 
bile excretion. However, there is no practical way to collect this. Fortunately, 
it is difficult for the liver or the kidneys to exerete the bilirubin formed from 
hemoglobin because it is bound to protein. With obstructive jaundice there is 
a retention of bile salts as well as bilirubin. These raise the surface tension 
and thus free the bilirubin from combination with protein and make it easy 
to exerete. Since the bilirubin formed from the hemoglobin set free when 
erythrocytes are hemolyzed tends to be retained, the amount and rate of red 
blood cell destruction are indirectly determined by measuring the amount of 
pigment in the plasma, provided there is no disease of the biliary tract. 


In almost every hemolytic anemia due to the excessive destruction of 
erythrocytes, the bone marrow tries to compensate for the increased loss of cells. 
It is possible that the increase in cell destruction may be fully compensated for 
by a higher rate of delivery of new cells from the marrow. It is difficult and 
rare for this to continue. Even with the most active marrow there is usually 
still an anemia. The usual finding in a hemolytic anemia is both an increase 
in the bile pigments of the plasma paralleling the rate of cell destruction, and 
a high reticulocyte count, indicating that cells are being delivered very rapidly 
from the marrow, The red blood cell count and hemoglobin measure only the 
balance between formation and destruction at the time the count is made. The 
reticulocyte count, together with the total red blood cell count, gives indirectly 
the survival time of the erythrocyte in the cireulation. Thus, with a normal 
red blood cell count of five million per cubie millimeter and a reticulocyte count 
of 0.5 to 1 per cent, the mean span of life of the red corpuscle is about thirty 
days. If the reticulocyte count is high, such as 15 to 25 per cent, it is apparent 
that the mean span of life can be only one to three days. 

Since the cells are being removed largely by the spleen, this organ is nearly 
always enlarged from overactivity. The clinical picture, then, of a hemolytic 
anemia is anemia with jaundice and an enlarged spleen, with absence of ob- 
struction of the bile ducts. On examination of the blood, besides the anemia, 
the bile pigments of the plasma are increased, the reticulocyte percentage is 
increased, and usually there are numerous red blood cells with nuclei, diffuse 
basophilia, and nuclear remains, such as Isaacs’ granules and Howell-Jolly 
bodies. 

Sinee the bone marrow is overactive in supplying an excessive number of 
red blood cells, marrow which is normally yellow becomes red through active 
erythropoiesis. In patients dying of a hemolytic anemia, which has persisted 
long enough for the low bone marrow to react, the marrow throughout the body 
may be red. A bone marrow puncture shows excessive erythropoiesis also, as 
indicated by the large number of cells of the erythrocyte series (Fig. 1). 

Abnormal hemolysis may be due to the presence of agents toxie for the 
erythrocyte in the blood plasma. These may be: (1) toxins resulting from 
bacterial growth; (2) immune hemolysins, such as occur in the transfusion of 
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incompatible blood groups or in paroxysmal hemoglobinuria from cold; or (3) 
chemical poisons, such as the phenylhydrazine group or snake venoms. In the 
group of chemical poisons may be included those formed in the body as an 
allergic response to an antigen, as in favus-bean poisoning. The mechanism of 
red blood cell destruction by malarial and other intracellular parasites is obvious 
though different from the preceding group. Damaged cells are taken out of 
circulation by the spleen. Many other chemical substances will actively destroy 
red blood cells. Among these are acids, alkalies, bile salts, saponin, and snake 
venoms. Hemolysis is rapid in hypotonic salt solutions. 
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Fig. 1.—Film of marrow obtained by sternal puncture. Note the large number of immature 
cells of the erythrocyte series. 






An increased hemolysis of cells may also result from a defect in the cell 
itself, rendering it more easily destroyed. The defect may be an abnormal shape 
of the erythrocyte or an imperfection in quality of the cell stroma which makes 
it more easily destroyed. Sometimes abnormal hemolysis seems to be due to 
a perverted activity of the reticulo-endothelial cells, especially in the spleen. 

It is difficult to make a satisfactory clinical classification of the hemolytic 
anemias. One possible grouping is as follows: 


I. Inereased hemolysis from excessive destruction of cells damaged by: 


A. Chemical agents, as phenylhydrazine. 

B. Bacterial toxins, as in gas gangrene. 

C. Immune hemolysins, as in transfusion reactions. 
D. Parasites, as in malaria. 


II. Increased hemolysis due to excessive removal of congenitally abnormal cells: 


A. Congenital abnormality of shape. 


1. Spherocytie anemia (congenital hemolytic jaundice). 
2. Sickle-cell anemia. 
3. Oval-cell anemia. 
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B. Congenital abnormality of structure. 
1. Erythroblastic anemia of Cooley. 
2. Sickle-cell anemia. 
III. Increased hemolysis from abnormal hemolytic activity of spleen or other 
parts of reticulo-endothelial system. 
IV. Increased hemolysis from unknown cause, as in paroxysmal nocturnal hemo- 
globinuria (Marchiafava-Micheli type) and the idiopathic types of hemo- 
lytic anemia. 


CHANGES IN MEASUREMENT OF THE ERYTHROCYTE OF MAN 
ON HEMOLYSING IN HYPOTONIC SODIUM CHLORIDE SOLUTION 
INITIAL VOLUME _IF VOLUME OF SPHERE WHEN 


CONVERTED AREA |S BACK TO INITIAL 
INTO A SPHERE VALUE AND HEMOLYSIS ENSUES 


FLAT CELL 1.5a°T. 
OF IDIOPATHIC 
HYPOCHROMIC 8.2.4-D. 
ANEMIA 


VOLUME Tad 1624 (+ 128%) 
SURFACE AREA 143.42 


NORMAL 
CELL 


VOLUME (+77%) 
SURFACE “AREA a 


SPHEROCYTE OF 
CONGENITAL 
HEMOLYTIC 
ICTERUS 


VOLUME 173 1Olu3 (+ 31%) 
SURFACE AREA 85.2 105 42 


Fig. 2.—Changes in measurement of the erythrocyte of man on hemolyzing in hypotonic 
sodium chloride solutions. The flatter the cell, the greater the volume the cell can reach before 
the original surface area is reached as the cell becomes spherical and increases in volume, 

The exact mechanism of hemolysis varies with the hemolyzing agent. In 
hypotonic salt solutions the contents of the cell are altered by the excess of water. 
The cell becomes spherical, the membrane becomes permeable, and the cell swells 
as water is taken up. In time, the cell ruptures. Such is the mechanism of 
hypotonic hemolysis. With hemolysis by a chemical agent, some constituent 
of the cell is affected so that the structure is altered and the cell breaks up. 
Thus, saponin and bile salts act on the protein of the cell, while snake venom 
affects the lecithin and produces lysolecithin, an active hemolytic agent. In 


every instance there is an alteration of cell structure. If the cell is abnormal at 


the start, it is apparent that the hemolysis may take place much more easily 
than in a normal erythrocyte. 

With hypotonic hemolysis, the cell changes from a biconcave disk to a sphere 
during the process of dissolution.* The flatter the cell, the greater the increase 
in volume possible before the cell membrane, which cannot be stretched, will 
rupture. Thus a flat cell, with a volume of 71 cubic microns, a diameter of 
8.2 microns, and a thickness of 1.5 microns, can increase in volume 128 per cent 
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before the membrane ruptures. A normal cell will increase 77 per cent. On 
the other hand, a cell with a volume of 77 cubic microns, a diameter of 6.4 
microns, and a thickness of 2.4 microns, can be increased in volume only 31 per 
cent before the cell is a sphere and further tension ruptures the membrane 
(Fig. 2). It is this fact that explains the increased fragility in hypotonic solu- 
tions of the microspherocytes characteristic of congenital hemolytic jaundice.® 
Such cells cannot have the normal increase in volume without putting the mem- 
brane on tension sufficient to rupture it. 

Whenever the cell structure is altered in other ways, there is a tendency 
for the cell shape to change from the biconcave form to the sphere. The action 
of lysolecithin, which is normally present and which may be the normal agent 
in red blood cell hemolysis, is to make the cells spherical.* Likewise, sphero- 
cytosis may be characteristic of the hemolytic anemia due to leucemia, Hodgkin’s 
disease, or acetylphenylhydrazine. On the other hand, the most marked hemo- 
lytic anemia may occur without spherocytosis (Table IV). Here the cells break 
up without going through changes in shape already described. Perhaps here the 
essential element is overactivity of reticulo-endothelial cells which destroy 
erythrocytes without changing them chemically. Ham®*® has shown recently 
that a change in reaction may also greatly influence the speed with which cells 
break up. 


The two factors in increased hemolysis may be summarized: 


I. Inereased hemolysis of normal cells damaged by foreign agents, namely : 
a. Chemical poisons, such as phenylhydrazine, sulfanilamide, or snake 
venom. 
b. Parasites, as the malarial protozoan. 
Bacterial toxins, as in gas gangrene. 
d. Amboceptor and complement reactions, as in transfusion of incom- 
patible blood, or in paroxysmal hemoglobinuria. 


ic) 


II. Increased activity of the spleen. 


The action of the spleen may be the normal phagocytic activity on damaged 
cells as described above, or on abnormally shaped, or imperfect cells as in 
spherocytosis (congenital hemolytic icterus), sicklocytosis, or ovalocytosis. In 
some cases there seems a true perverted activity of the spleen and perhaps of 
other parts of the reticulo-endothelial system, as in Hodgkin’s disease and 
leucemia. Thus, the shape and structure of the cell, the activity of the spleen, 
and the presence of substances toxie for erythrocytes must be considered as pos- 
sible factors in the production of every hemolytic anemia. 

Congenital hemolytic icterus is the best known example of a chronic hemo- 
lytic anemia. This disease may continue active for many years. Here there is 
characteristically a chronic anemia, with acute exacerbations, jaundice, reticulo- 
eytosis, and an enlarged spleen. All the signs and symptoms of the disease 
are due to excessive destruction of red blood cells. The erythrocytes have two 
distinguishing characteristics. In the first place, they are thicker than normal 
in relation to diameter. Since the diameter is usually less than normal with 
little variation from normal in volume, the cells are usually spoken of as micro- 
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spherocytes. Some of the cells are true spherocytes, but most of them are simply 
thicker than normal (Fig. 3). All observers are agreed on this fundamental 
characteristic of the cell in congenital hemolytic icterus. The second character- 
istic property of the red blood cell is its increased fragility in hypotonic solutions 
of sodium chloride. This finding is less characteristic than. the spherocytosis, 
since factors other than shape of the cell may influence fragility. A thick cell 
with a more than resistant envelope may show little if any change in fragility. 
The cell measurements in ten typical cases of congenital hemolytic icterus are 
shown in Table I. 


TABLE I 


THE ERYTHROCYTE IN CONGENITAL HEMOLYTIC ICTERUS 
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As the name indicates, there is a large hereditary element in spherocytosis. 
Cases may be sporadic, however, without any evidence of the disease in relatives. 
The degree of spherocytosis may vary greatly. Thus, in a recently case, a 2-year- 
old child had an extreme spherocytosis, while the mother had only a mild sphero- 
eytosis which was revealed by careful cell measurements. The congenital defect 


is really an anatomic one, since it represents a variation in the normal shape. 
It is often accompanied by other anatomic defects, especially steeple skull. 


From the clinical standpoint, the important features of congenital hemolytic 
icterus or spherocytie anemia are the chronic anemia, the constant, though mild, 
jaundice, and the enlarged spleen. Infections and other unknown factors may 
greatly speed up the hemolytic process, causing the so-called crises during which 
the anemia is more severe, the icterus is more intense, and the spleen is larger. 
If there is a family history of jaundice and an enlarged spleen, the picture is 
complete. 

The two characteristic findings in relation to the red blood cell already men- 
tioned, namely, the spherocytosis and the increased hypotonic fragility, have 
usually been considered as separate defects of the red blood cells. Chauffard’ 
regards these two features as evidence of the lessened vitality of the cells. 
Meulengracht* is of the opinion that they are regeneration phenomena secondary 
to the increased bone marrow activity. Ginsslen® expressed the belief that there 
is a primary defect in the marrow which makes it incapable of supplying cells 
of normal size and resistance. Naegeli’® always contended that the defects repre- 
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NORMAL | CONGENITAL SPHEROCYTOSIS HYPOCHROMIC ,phicRocyTic 


as 


(CONGENITAL HEMOLYTIC ICTERUS) | 


MEAN 
DIAMETER 7-744 6.6.x 


USL 


ae ESS 1.95 ead 2.6% 2. se 2.4% 


MEAN 


VOLUME — 
THICKNESS 1.00 1.60 1.80 1.59 
INDEX 


THICKNESS: 
DIAMETER + k2.5 2 2.6 








Fig. 3.—The mean red blood cell in congenital hemolytic icterus compared with the normal 
biconcave disk and the flat, “wedding-ring” erythrocyte of hypochromic microcytic anemia. 
Note the characteristic increases in thickness, decrease in diameter, with little change in volume. 
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Fig. 4.—Changes in the shape of the erythrocyte in congenital hemolytic icterus compared 
with Pony normal in hypotonic hemolysis. The more marked the spherocytosis, the closer the cell 
is to the hemolysis point. The fragility thus varies directly with the degree of spherocytosis: 
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sent a congenital anatomic abnormality of the erythrocyte comparable with other 
anatomic congenital defects. No one seems to have correlated the spherocytosis 
and the increased fragility. 

There is a direct relationship between the shape of the cell and hemolysis.® 
Ponder has demonstrated that this depends fundamentally upon how much the 
volume of the cell can increase without stretching and rupturing the covering 
membrane." This point is best illustrated by comparing the changes in a normal 
red blood cell and that of congenital hemolytic icterus (Fig. 2) in hypotonie 
solutions of sodium chloride. Note again the increase in volume by immersing 
in hypotonic solution of 77 per cent (from 86 »* to 152 »*) of the normal cells 
as compared with 31 per cent in a patient with congenital hemolytic icterus. 
The intensity of congenital hemolytic icterus varies directly with the degree 
of spherocytosis. The more spherocytic the cell, the nearer it is to the hemolysis 
point (Fig. 4). 

The relation of the shape of the cell to hypotonic fragility is well illustrated 
by the study of the erythrocytes of different animals. It has long been known 
that the fragility of the red blood cells in hypotonic solution varies greatly in 
different animals. Vallery-Radot and Lheritier’ first pointed this out and 
concluded that the fragility parallels the diameter of the cells. In Table 
II are shown the measurements of the mean cell of a group of animals as 
measured by Emmons,'® and the fragility for the same animals as determined 
by Vallery-Radot and Lheritier. It is apparent that the fragility varies with 
the globularity of the mean cell; hence there must be a direct relationship of the 
two factors. 

TABLE IT 


RELATION OF SHAPE OF ERYTHROCYTE TO HyPoTONIC HEMOLYSIS 








VOLUME- INITIAL AND 


MEAN MEAN MEAN 


SPECIMEN 


DIAMETER 


THICKNESS 


VOLUME 


THICKNESS 
RATIO 


MAXIMAL 
RESISTANCE 





microns 


microns 


eubie 


% NaCl 


microns 
Man : 1.84 88 
Dog af 1.70 69 
Rabbit 1.6 1.84 63 
Cat 5.6 1.75 43 
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0.42-0.48 
0.50-0.54 
0.52-0.54 
0.60-0.66 
0.72-0.74 




















Spherocytosis is the one absolutely constant finding in our group of 30 
eases of congenital hemolytic icterus. The diagnosis is not justified unless this 
characteristic cell is found. The seriousness of the disease can be measured by 
the extent of the spherocytosis. Is this shape related to increased removal of 
cells from the blood stream by the spleen in congenital hemolytic icterus? The 
immediate cause of the anemia is hyperactivity of the spleen, since the symptoms 


of the disease are all relieved by splenectomy. Spherocytosis always persists 
after removal of the spleen, although it is less marked than before operation. 
The findings in eight patients studied after splenectomy are shown in 
Table III. In every instance the anemia, jaundice, and reticulocytosis were 
entirely relieved. The decreased cell diameter and the spherocytosis were still 
present, though to a less marked degree than before operation. It is apparent 
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from the beneficial results of splenectomy that the anemia is due to the activity 
of the spleen in filtering out spherocytes. The exact mode of action of the spleen 
is unknown. The spleen might make the cells more spherocytie and thus more 
suspectible to hemolysis, perhaps through the action of lysolecithin, as suggested 
by Bergenhem and Fahraeus.* Recently I measured the diameter of the cells 
on a film of blood obtained from the pulp of a spleen immediately after removal 
for congenital jaundice. The mean cell diameter was 5.8 microns, while the 
mean diameter of the circulating cells determined at the same time was 6.1 
microns. Gripwall’® has shown also that the cells from the splenic vein show 
a more pronounced spherocytosis and increased fragility as compared with 
peripheral blood. 
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’ Fig. 5.—The characteristic changes in the blood after splenectomy for congenital hemolytic 
icterus. Note the fall in the icterus index to normal and the disappearance of the reticulocytosis. 
The hypotonic fragility changes very little. The hemoglobin gradually rises. 


The characteristic changes in the blood after splenectomy for congenital 
hemolytic icterus are shown in Fig. 5. The icterus index returns to normal, and 
the reticulocytosis disappears quickly. There is a gradual steady rise in hemo- 
globin. The increased fragility of the red blood cells persists to a lesser degree. 
Heilmeyer™’ has made the same observations. The spleen might also affect the 
cells in some other way so as to injure the cell envelope and thus make it more 
susceptible to hemolysis. The spherocytes of congenital hemolytic icterus are 
more susceptible to destruction by heat than are normal cells. The blood of 
three patients who had had a splenectomy for congenital hemolytic icterus, the 
plood of two patients who were suffering from the disease but who were not 


splenectomized, and the blood of a normal individual were heated in a water 
bath for three hours. There was only a trace of hemolysis in the normal blood. 
The blood of the splenectomized patients showed well-marked hemolysis, but 
much less hemolysis than the blood of the patients with the active disease. The 
mean cell diameter in the splenectomized patients was 6.9, 6.7, and 6.8, with 
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a volume thickness index of 1.31, 1.43, and 1.33. The mean cell diameter of 
the other patients was 6.6 and 6.4, with a volume thickness index of 1.54 and 
1.46. The hemolysis was most marked with the mean cell diameter of 6.4. 
Another patient with a mean cell diameter of 6.2 showed the most marked 
hemolysis when his blood was heated for three hours at 42° C., with the control 
showing only faint hemolysis. 

The persistence of the spherocytosis and increased fragility after splenec- 
tomy, without clinical evidence of disease, shows that the bone marrow is still 
supplying cells thicker than normal. The fact that the cells are more sphero- 
eytic, more fragile, and more susceptible to hemolysis by heat before the spleen is 
removed proves that the spleen in some way affects the cell. This may be caused 
by changing the cell shape only or by affecting the constituents of the cell so 
that it becomes more spherocytic and less resistant. Perhaps the action of the 
spleen on the spherocytie cell is the normal action on every cell. In any event, 
this is sufficient in congenital hemolytic icterus to cause destruction of the cell 
and a consequent anemia. Hawksley’ and Gripwall’* have emphasized that 
there is a splenic factor, as well as a congenital abnormality of shape, in the 
causation of the anemia. Doan, Wiseman, and Erf’® are of the opinion that 
the spleen is the chief organ in the hemolytic process. Heilmeyer™ considers the 
spleen entirely responsible for spherocytosis and increased hemolysis. 

There are evidently factors other than shape affecting the fragility of the 
cell in congenital hemolytic icterus. While there is a striking parallelism be- 
tween the resistance of the cells to hemolysis in hypotonic sodium ehloride solu- 
tion and the degree of spherocytosis, there are also exceptions to this rule. Thus 
in one patient with a marked spherocytosis (volume-thickness index 1.67) the 
red blood cells have repeatedly shown a fragility within the normal limits or 
little beyond it. It is evident that the envelope of this patient’s cells is more 
resistant than the usual cell with such a shape. The cells of another patient 
studied immediately after a hemolytic crisis, during which transfusions were 
given, were more resistant to hypotonic hemolysis than would be expected from 
the degree of spherocytosis. Later there was a great increase in fragility with 
little change in cell shape. 

While spherocytosis is a constant finding in congenital hemolytic icterus, 
spherocytosis may be present without increase in fragility, and the increase in 
fragility may not parallel the spherocytosis. Just what are the factors influenc- 
ing the strength of the cell membrane or the stability of the stroma making it 
more resistant to release of strain is not clear. There may well be some qualita- 
tive variation in the protein or lipoids of the cell, or even a difference in the 
thickness of the cell envelope. The normal protective action of the plasma may 
vary also. Any such changes might afford a protective action against lysins. 

In congenital hemolytic icterus there is a microspherocytosis throughout 
life. After splenectomy the anemia disappears, and the spherocytosis is less 
marked. Spherocytosis may be seen under other conditions also. I have ob- 
served marked spherocytosis in three patients with outspoken leucemia. The 
fragility of the cells in hypotonic solutions was increased as one would expect 
from the shape of the cells. In each instance the spleen was enlarged, and in 
two instances it was removed without influencing the extent of the anemia or the 
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course of the disease. Another patient with a probable sarcoid of the lung had 
spherocytosis and increased fragility of varying intensity, depending on the 
degree of activity of the lung disease. The patient has made a complete re- 
covery. The marked hemolytic anemia has disappeared, as has the spherocytosis. 
It seems apparent, as emphasized by Ponder, that a toxic process may so affect 
the cell as to make it spheroid. In the hemolytic anemia produced by pheny]l- 
hydrazine, I have demonstrated a spherocytosis which is only an evidence of 
damage to the cell, with release of the internal strain and the taking on of a 


spherical form. 
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Fig. 6.—Changes in the blood of patient showing acquired spherocytosis of unknown origin 
after splenectomy. The hypotonic fragility is unchanged. The hemoglobin changes little and 


the reticulocytosis persists. The splenectomy did not alter the fatal course of the disease. The 
spherocytosis, as indicated by the volume-thickness index, becomes more marked. 


Dameshek and Schwartz'® studied the changes taking place in the red blood 
cell when the guinea pig is injected with antiguinea pig hemolytic serum. The 
cells of the animal injected become spherocytie and show increased fragility in 
hypotonie sodium chloride solution. They further demonstrated isohemolysins 
of the immune body type in three patients with acute hemolytic anemia. In 
one spherocytosis and increase in fragility were marked. All three were relieved 
by splenectomy. Dameshek and Schwartz conclude from their experimental 
studies that hemolytic anemias are due to hemolysins and that the spherocytosis 
is due to hemolysis and not primarily to an abnormal type of cell. These 
observations only show that spherocytosis can be acquired. It is very doubtful 
whether they have any application in congenital hemolytie icterus. The sphero- 
cytosis here evidently results from the reaction of the cell to the injury by 
hemolysis. 

I recently studied one patient with marked spherocytosis and a great increase 
in fragility who constantly had large amounts of hemolysin in the blood plasma. 
When first seen this patient had a marked anemia, his volume thickness index 
was 1.29, and hemolysis began in 0.60 per cent sodium chloride solution. There 
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was no family history suggesting congenital hemolytic icterus, the blood of other 
members of the family was normal, and the patient had been entirely well until 
the onset of his present illness. The anemia was so marked and the response 
to therapy so poor that splenectomy was done. There was some improvement 
for two months, but the reticulocytosis, the hemolysins, the increased fragility, 
and the spherocytosis persisted. The anemia became progressively worse. The 
patient died of the anemia five months after the splenectomy. Autopsy showed 
no trace of aspleen. It is apparent that the spherocytosis and anemia here were 
not due to the spleen. This patient evidently had an acquired spherocytosis, 
and the hemolytic anemia was not dependent on any abnormality or activity of 
the spleen. The changes in the blood (Fig. 6) are in marked contrast to those 
observed following splenectomy for congenital spherocytosis (Fig. 5). 

Sickle-cell anemia and the erythroblastic anemia of Cooley are also good 
examples of chronic hemolytic anemia. In these anemias there is evidently an 
inherited defect in quality of the stroma, so that the cells disintegrate and are 
removed by the spleen. The curious shapes observed in sickle-cell anemia are 
simply the expression of this abnormality of the stroma. As the stroma changes, 
especially with anoxemia, the cell takes on the characteristic sickle form. These 
diseases must be looked upon as congenital defects in quality of the stroma. 
There may be other unrecognized congenital defects in the stroma. 

I have recently observed a mother and two children, all showing an identical 
hemolytic anemia. The mother’s mother had died with jaundice, anemia, and 
enlarged spleen at an early age. All three patients showed icterus, reticulo- 
eytosis, and free hemoglobin in the blood plasma without hemoglobinuria. Re- 
peated study of the red blood cells showed no inerease in hypotonic fragility 
and no spherocytosis. The cells hemolyzed rapidly, however, under conditions 
in the laboratory which would not produce hemolysis of normal cells. A splenec- 
tomy was done for the mother without influencing the hemolytic process (Fig. 7). 
It seems apparent that the only logical explanation for such findings is a con- 
genital weakness of the erythrocyte which makes it more susceptible to hemolysis. 
The presence of free hemoglobin in the plasma should have shown that splenec- 
tomy was contraindicated. 

The anemia of malaria and other protozoan diseases in which the red blood 
cells are invaded and destroyed by parasites needs no discussion. Likewise, 
there is nothing unusual about the anemia dependent on the destruction of cells 
by various poisons which affect the different constituents of the red blood cell. 
The anemia of snake venom poisoning is one of the most interesting of this 
group, because it has been proved that the venom removes the unsaturated fatty 
acid from the lecithin molecule, thus producing lysolecithin which is a violent 
hemolytic agent. 

As red blood cells are destroyed, hemoglobin must be set free. It is a 
curious fact that even with most marked hemolytic crises in congenital hemolytic 
icterus no free hemoglobin is ever demonstrated in the blood plasma. Likewise, 
in a sickle-cell anemia, Cooley’s anemia, and the so-called idiopathic hemolytic 
anemia, free hemoglobin is not demonstrable. In this group of cases it seems 
apparent that the cells are destroyed within the spleen or other parts of the 
reticulo-endothelial system. It is in these cells also that hemoglobin is dis- 
integrated with the production of bilirubin. 
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In another group of hemolytic anemias, however, hemoglobinuria is a strik- 
ing clinical feature of the patient’s disease. Thus, in transfusions with incom- 
patible blood, by the action of isohemolysins, hemoglobin is set free; if it rises 
above a certain level in the blood plasma, it is excreted by the kidneys. The 
paroxysmal hemoglobinuria due to cold is again due to the overflow of free hemo- 
globin through the kidney as a result of the rapid destruction of cells by an 
amboceptor-complement reaction. In such instances the hemoglobinuria is not 
due to the hemolysis of cells alone, as with even more rapid destruction in the 
erises of congenital hemolytic jaundice no hemoglobin is present in the plasma. 
The essential difference here seems the fact that the hemolysis is taking place 
in the circulating blood rather than in the spleen or other tissues where the 
hemoglobin is disposed of without becoming free in the blood plasma. It is 
apparent that splenectomy is not indicated if the cells are hemolyzing in the 
plasma unless the spleen is setting free a toxin which has never been proved. 
It is possible also that the hemolysis in such eases is due to the loss of normal 
protective power of the blood plasma. 
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One type of hemolytic anemia, first described by Marchiaféva and Micheli 
in Italy, seems a definite clinical entity. In this type the patients have not only 
hemolytic anemia, but also constant hemoglobinemia and hemoglobinuria. The 
hemoglobinuria is described as paroxysmal and nocturnal and seems to be char- 
acteristic of earlier stages of the disease and of milder cases. I have examined 
the blood of two patients and observed another. The blood of one patient has 
been studied repeatedly from every standpoint. Such cases have no family 
history of the disease. The condition is usually not manifested until after 
adolescence and may develop at any age. No spherocytosis is present. Ham‘ 
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has demonstrated that the cells are more susceptible to hemolysis with weak 
solutions of acids than are normal cells. It seems evident that the disease is 
inherent in the red blood cells. The defect is certainly in quality and not in 
shape. The spleen has been removed from several patients without influencing 
the course of the disease. Here again it seems that the presence of free hemo- 
globin indicates that the defect is in the red blood cells and is such as to allow 
them to hemolyze in the circulation. If this is true, a splenectomy should not 
influence the disease. This has been the experience of everyone with splenectomy 
in this type of hemolytic anemia. No other treatment has been found of value. 

There is a final group of hemolytic anemias which we speak of as idiopathic. 
Some are probably due to infections; some to the presence of unidentified hemo- 
lytic agents. The spleen seems at fault in others. Fortunately, this group is 
small. Splenectomy is usually justified if hemoglobinemia is not demonstrated. 
The results are variable. 


SUMMARY AND CONCLUSIONS 


A hemolytic anemia is due to an excessive destruction of red blood cells 
beyond the compensatory capacity of the bone marrow to deliver new cells. 

The normal red blood cell has a delicate structure which may be injured in 
many ways. The biconcave shape results in a state of strain in the stroma. 

As erythrocytes are destroyed, iron is set free, and bilirubin is formed as 
the end product of hemoglobin destruction. 


The clinical picture of a hemolytic anemia is an anemia with jaundice and 
an enlarged spleen. 

The laboratory study in a hemolytic anemia shows a high reticulocyte count 
from excessive marrow activity, a high icterus index, and a hyperplastic bone 


marrow. 

The excessive destruction of red blood cells in a hemolytic anemia may 
result from (1) damage to the red blood cells, (2) an abnormal shape of the 
red blood cells, (3) a congenital defect in quality of stroma, or (4) an over- 
activity of the spleen. 

The mechanism of hemolysis varies with the hemolytic agent. 

When a cell is injured, it tends to assume a spherical shape since the strain 
incident to the biconcave shape is released. 

The most characteristic and clinically important hemolytic anemia is con- 
genital spherocytosis or congenital hemolytic icterus. The inherited defect here 
is the abnormal shape of the red blood eell. 

A spherocyte is more easily hemolyzed than is a biconeave disk. 

There is a direct relationship between hypotonic fragility of the red blood 
cell in spherocytosis and its shape. A sphere has a smaller surface area in rela- 
tion to volume, so it can undergo less stretching before hemolysis occurs than a 
biconeave disk. 

The anemia disappears after splenectomy in congenital hemolytic icterus. 
The spherocytosis persists, but it is less marked. 

Spherocytosis may be acquired since an injury to cells by any agent may 
vause it, Acquired spherocytosis is characterized by increased fragility of cells, 
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In many hemolytic anemias there is no abnormality of shape so the hemol- 
ysis must depend upon other factors, such as an abnormal reaction, changes 
in the cell membrane, stroma, or constituents of the plasma, or abnormal reticulo- 
endothelial activity. 

In sickle-cell anemia and in the erythroblastic anemia of Cooley, there seems 
to be a congenital defect in the stroma which allows the cells to be easily hemo- 
lyzed abnormally. 

If hemoglobinuria is present in a hemolytic anemia, the cells are being de- 
stroyed in the circulating blood and not in the spleen. 

With hemoglobinemia and hemoglobinuria, splenectomy is contraindicated. 
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PRESERVED BLOOD ‘‘BANKS’”’ IN RELATION TO TRANSFUSION 
IN THE TREATMENT OF DISEASE* 


JOHN A. KoLMER, M.D., PHILADELPHIA, Pa. 


—— blood transfusion has come into wider and wider use not only in the 
treatment of hemorrhage, surgical shock, and the anemias, but also in the 
treatment of the prothrombin deficiencies, hemorrhagic dyscrasias, acute and 
chronic infections, with special reference to the septicemias, as well as many 
other disease states, and, since the use of preserved blood in ‘‘banks’’ has be- 
come increasingly popular because of its several advantages, it is my purpose to 
discuss briefly and concisely the value of different preservatives and to point out 
the limitations of preserved blood as a therapeutic agent. 

In the United States human blood is commonly preserved in ‘‘banks’’ by 
the addition of 14 ¢.c. of a sterile 2.5 per cent solution of chemically pure sodium 
citrate in physiologic saline solution to each 100 ¢.c. of blood, with preservation 
at 4° to 6° C. in a refrigerator. This gives a 0.35 per cent concentration of 
sodium citrate for the prevention of coagulation, and after typing, sterility, and 
Wassermann tests, the blood is ordinarily available for transfusion over a period 
of ten days to several weeks. 

Physiologically, and according to clinical experience, such preserved citrated 
blood is apparently satisfactory for the restoration of blood volume and is 
superior to saline, glucose, and acacia solutions in the treatment of severe 
traumatic hemorrhage and shock. Whether or not the erythrocytes are 
sufficiently preserved to carry on internal respiration is debatable; likewise 
the question as to whether or not the platelets and prothrombin are sufficiently 
preserved for the treatment of the thrombocytopenic purpuras, other hemor- 
rhagie dyserasias, and the hemorrhage of jaundice. 

It is sometimes stated that the chief value of blood transfusion in the treat- 
ment of septic states, with or without associated septicemia, is to combat the 
secondary anemia, and that it is not indicated or required until or unless the 
hemoglobin is reduced to about 40 per cent, with a corresponding reduction in 
erythrocytes. 

With this I do not agree. Septicemia is apparently the result of a break- 
down or exhaustion of the normal clearing mechanism of the blood, not in- 
frequently the result of continuous accession of bacteria and their toxie products 
from foci of infection of the fixed tissues. I have gradually gained the convie- 
tion that one of the most important reasons for frequent transfusions in the 
treatment of septic states, and especially those with an associated septicemia, 
is to furnish specific and nonspecific immune substances in the blood of the 
donor, which may have become reduced or exhausted in the hard-pushed patient 
or recipient. Furthermore, it is not unlikely that the leucocytes of fresh blood 

*From the Research Institute of Cutaneous Medicine, Philadelphia. 
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may serve a useful therapeutic purpose. Therefore, without questioning the 
value of transfusion in septic states from the standpoint of combating secondary 
anemia, it seems to me that proper emphasis must be placed upon its possible 
additional value from the immunologic standpoint, and if this is true, the thera- 
peutic status of preserved citrated blood should be examined from both angles. 

Briefly and in general terms, it may be stated that normal or natural re- 
sistance and immunity to infection are due in part to specific antitoxins and such 
sensitizing antibodies as agglutinins, opsonins, and bacteriolysins that may be 
present in the blood. To these, from the nonspecific standpoint, must be added 
complement, leukins (from leucocytes), and plakins (from platelets). Among 
these, the opsonins are of particular importance because of the role they play in 
phagocytosis, not only by the microphages of the blood and fixed tissues, but 
also by the cells of the reticulo-endothelial system. Furthermore, agglutinins 
likewise facilitate both phagocytosis and bacteriolysis in vivo and complement 
is especially important in both particulars, while leukins and plakins are ap- 
parently largely responsible for the normal nonspecific bactericidal activity of 
the blood. Indeed, it would appear that the chief therapeutic value of non- 
specific immunotransfusions conducted by the intravenous injection of the donor 
with 100 million killed typhoid bacilli in vaccine a few hours before transfusion 
is due in part, both to the transfer of more than normal numbers of leucocytes 
from donor to patient and to additional amounts of these normal or natural non- 
specific bactericidal substances. 

Certainly we have ample data for indicating that these specific and non- 
specific mechanisms are responsible for the remarkable capacity of the blood for 
normally clearing itself of organisms and especially because of phagocytosis 
by the cells of the reticulo-endothelial system. In septic states, especially sep- 
ticemia, it is a logical deduction that this clearing mechanism is reduced or 
exhausted. If this is true, one of the purposes of transfusion in treatment should 
be to supply the hard-pressed patient with as many of these specific and non- 
specific factors as possible. One cannot now state that natural antitoxins for 
the several exotoxins of staphylococci and streptococci are reduced or exhausted 
in acute infections and especially septicemia, but this may be logically inferred. 
While it is admittedly difficult to measure complement in relation to bae- 
teriolysis, it is comparatively easy to measure it in relation to hemolysis, and I 
am convineed on this basis that it is frequently reduced below average normal 
levels in staphylococcus and streptococcus septicemias. Indeed, I believe that 
one of the purposes of transfusion is to supply the patient with the complement 
of the donor; and I believe the same applies to opsonins, which likewise have 
been found to undergo reduction below average normal levels and especially 
in acute fulminating infections. 

If one of the purposes of transfusion in the treatment of septic states is to 
supply the patient with these specific and nonspecific immunologic principles, 
in addition to combating secondary anemia, the question at issue is whether or 
not transfusion supplies them in amounts of therapeutic value, in view of the 
fact that normal blood admittedly carries but small amounts of these substances. 
Indeed, the difference of opinion that exists on the clinical value of transfusion 
in the treatment of acute and chronic infections is largely on this basis. Insofar 
as specific antibodies are concerned, it would appear that the blood of con- 
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valescent or actively immunized donors is to be preferred on the basis of supply- 
ing larger amounts, and for this reason specific immunotransfusions are always 
to be preferred when possible. 

Furthermore, and especially in relation to preserved citrated blood in 
‘‘banks’’ for the treatment of acute and chronic infections, and particularly 
septicemias, the important question is whether or not immune bodies, as well 
as functionally active erythrocytes and platelets, are sufficiently preserved to 
be of value. Most attention has been given the matter of preservation of 
erythrocytes and the prevention of hemolysis, but as I pointed out in 1939,? 
blood so preserved showed such rapid disintegration of polymorphonuclear 
neutrophiles with reduction in their phagocytic activity, along with rapid dis- 
integration of platelets and gradual loss in bactericidal activity, that preserved 
citrated blood was considered inadvisable for the treatment of the anemias, 
hemorrhagic states, and infections, although it was apparently useful in the 
treatment of acute hemorrhage and surgical shock. 

Recently there has been an increasing appreciation of the fact that if dex- 
trose or dextrin is added to preserved citrated blood, sodium penetration and 
cell swelling are decreased, with inhibition of hemolysis as originally shown by 
Rous and Turner.2. Thus Maisels and Whittaker* * reported, not only these 
effects following the addition of carbohydrates, but also an increase of surface 
area of the erythrocytes, so that they can tolerate a larger absolute inflow of 
fluid. Aylward and his colleagues’ found that citrate-glucose preservation is 
superior to citrate alone in delaying hemolysis and retards chemical changes in 
the cells, leading to an increase of plasma inorganie phosphate with reduced 
plasma potassium probably due to a lower degree of hemolysis. DeGowin, 
Harris, and Plass® likewise found that large amounts of isotonic dextrose reduce 
hemolysis and that erythrocytes better resist the effects of shaking and agitation. 
Whether or not efforts toward the prevention of hemolysis in preserved blood 
is a matter of practical importance, although desirable from the standpoint of 
therapy, cannot be stated; particularly since O’Shaughnessy and his colleagues’ 
have reported that 5 per cent solutions of hemoglobin in Ringer’s solution are 
eapable of carrying oxygen and maintaining osmotic pressure although not 
capable of maintaining life more than thirty-six hours because of rapid removal 
by the cells of the reticulo-endothelial system. 

Belk, Henry, and Rosenstein® have confirmed my observations on the marked 
and rapid disintegration of granulocytes and platelets in preserved citrated 
blood, and have showed increased fragility of the erythrocytes, rapid glycolysis, 
changes in oxygen capacity, and plasma carbon dioxide. They also observed that 
the transfusion of hemolyzed blood produced jaundice in some eases. Whether 
or not preservation with dextrin or dextrose with sodium citrate results in better 
preservation of granulocytes, platelets, and immunologic properties of plasma 
has required investigation. 

Under the cireumstanees I have thought it advisable to determine the 
properties of four well-known preservatives (two without and two with carbo- 
hydrate) in relation to the fragility, dehemoglobinization, and disintegration 
of erythrocytes; and in relation to the preservation of leucocytes, with special 
reference to the polymorphonuclear neutrophiles, platelets, prothrombin time, 
isoagglutinins, complement, and bactericidal activity. Some attention has been 
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given prothrombin, as based upon examinations employing the method of 
Howell, but the technique employed for the collection and preservation of blood 
did not permit the use of the method of Quick. Nor have I included determina- 
tions for potassium, since DeGowin and his colleagues® have shown that there 
is progressive diffusion from human erythrocytes into plasma, reaching the 
maximum in from fifteen to twenty days, and because variations in sodium, 
chloride, citrate, and dextrose in preservatives, as well as different temperatures 
and atmospheres, did not affect the rate of diffusion which cannot be explained 
by the release of this ion from completely hemolyzed corpuscles. Furthermore, 
it was found in blood preserved for as long as thirty days that the diffused 
potassium was neither toxic nor high enough to cause significant changes in the 
serum potassium of the recipient.’ 














Two adult donors were selected belonging to groups A and B and the blood 
of each was used with the following four preservatives : 





(a) Sodium Citrate (citrate) : 






Sodium citrate (dihydric) 2.5 Gm. 
Distilled water 100.0 ¢.e. 





14 ec. of the solution are used with 100 ¢.c. of blood, giving a final concentration 
of 0.35 per cent citrate. 





(b) Moscow Institute of Hematology (M.I.H.), as given by Elliott: 












Sodium chloride 3.5 Gm. 
Sodium citrate (dihydric) 2.5 Gm. 
Potassium chloride 0.1 Gm. 
Magnesium sulfate 0.002 Gm. 
Distilled water 500.0 e.e. 








of blood. 





100 e.e. of the solution are used with 100 e.e. 









Modified Rous-Turner (R-T), as deseribed by DeGowin, Harris, and Plassé¢: 
Solution A: 3.2 Gm. sodium citrate (dihydric) dissolved in 100 ¢.c. of distilled 
water. 


Solution B: 10.8 Gm. dextrose dissolved in 200 ¢.c. of distilled water. 
For use, 20 c.c. of solution A and 130 e.c. of solution B are mixed with 100 ¢.e. of 


blood. 
(d) Maisels and Whittaker (M-W),12 as described by these authors: 









Sodium chloride 0.43 Gm. 
Sodium citrate (dihydric) 1.05 Gm. 
Dextrin 8.5 Gm. 
Distilled water 100.0 e.e. 





For use, 50 ¢.c. of the solution are mixed with 100 ¢.ec. of blood. 









Before use each preservative solution was sterilized in the Arnold sterilizer 
for one hour on each of two successive days and each was examined for sterility 
by aerobie and anaerobic. cultures. 





The mixtures of blood and preservative were kept in a refrigerator at 4° to 
6° C., and the following ten examinations were conducted with each within 
twenty-four hours, three, five, seven, ten, fourteen, and twenty-one days after 
collection : 







. Maeroseopie record of spontaneous dehemoglobinization. 

. Fragility or tonicity of erythrocytes. 

. Total erythrocyte counts. 

. Total leucocyte counts and morphologic changes in the 
polymorphonuclear neutrophiles. 

. Differential leucocyte counts. 
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. Platelet counts by the smear method. 
. Prothrombin time of the plasma (Howell method). 
. Preservation of isoagglutinins in the plasma. 
9. Complement content of the plasma for sensitized sheep 
corpuscles. 
10. Bactericidal activity of the plasma for B. typhosus. 

As previously stated, determination of prothrombin time (method of 
Howell) was used as the method of Quick for prothrombin could not be employed 
owing to technical conditions. Rhoads and Panzer’ stated that blood preserved 
for a week or more is practically useless in the treatment of acute prothrombin 
deficiency encountered in jaundiced patients not adequately treated with vita- 
min K and bile salts. In their opinion, blood in ‘‘bank’’ for three days would 
probably be of some slight value, but would be so inferior to fresh blood that 
they recommend that only the latter be used when transfusion is intended to 
combat the hemorrhagic tendency in jaundice. Ziegler’* also found that 
prothrombin decreased over a period of time in preserved citrated blood kept at 
34° F. to a level of 40 per cent of original content and states that in cases in 
which it is desired to raise the prothrombin content of the blood by transfusion, 
old ‘‘banked’’ blood is not a suitable agent. Quick’? likewise found that the 
prothrombin diminishes in decalcified blood and that it is inferior to fresh blood 
for controlling hemorrhage in jaundice. However, the matter may be of more 
academic value than practical interest, since it is thought that transfusion even 
with fresh blood probably raises the prothrombin content of the blood of the 
recipient by only 6 to 8 per cent. 

Not without interest was the question of the persistence of isoagglutinins 
for erythrocytes in preserved blood in relation to transfusion. Strumia, Wagner, 
and Monaghan’ state that the intravenous injection of stored plasma from 
citrated blood (100 ¢.c. of 2 per cent citrate to 500 ¢.c. of blood) at the rate of 
5.6 ¢.c. per minute produces no reactions, even though it is capable of ag- 
elutinating the erythrocytes of the recipient in dilutions as high as 1:80. Knott 
and Koerner,*’ however, state that citrated plasma may retain agglutinins for 
several weeks when kept at a low temperature. They think it is advisable to 
test the erythrocytes of the recipient with a 1:50 dilution of stored O plasma 
before administration, because O plasma sometimes contains agglutinins a and b 
in high concentration, capable of quickly agglutinating the corpuscles of groups 
A, B, and AB. 

The results of this investigation'® have shown that: 

1. The two carbohydrate preservatives gave better protection of erythro- 
cytes against dehemoglobinization, fragility, and disintegration than the plain 
citrate and Moscow Institute of Hematology preservatives. 

2. Marked reduction of the total leucocytes occurred with all four preserva- 
tives within three days, especially due to disintegration of the polymorphonuclear 
neutrophiles, but the two carbohydrate preservatives gave somewhat better 
preservation than the two without dextrose or dextrin. 


3. Marked reduction in the platelets occurred with all four preservatives 
within three days, but both carbohydrate preservatives gave somewhat better 
preservation than the two without dextrose or dextrin. 
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4. A slight decrease in prothrombin time (Howell) was observed with the 
plasmas of all preserved bloods within the first twenty-four hours of collection 
of blood, presumably due to disintegration of platelets. During the following 
three to seven days this was followed by an increase, presumably due to loss 
of prothrombin. 

5. The isoagglutinins showed no decrease during the first ten days with all 
four preservatives, but showed some diminution after fourteen and twenty-one 
days, which was somewhat less marked with the two carbohydrate preservatives. 

6. Complement was well preserved by all four preservatives for the first 
seven to ten days. 

7. The bactericidal activity of the plasmas for B. typhosus was well pre- 
served by all four preservatives for seven days, following which rapid deteriora- 
tion occurred. 

It is apparent, therefore, that none of the four preservatives employed in 
this investigation afford adequate protection of the polymorphonuclear neu- 
trophilic leucocytes and platelets, and that this phase of blood preservation has 
not received the attention it deserves in relation to the transfusion treatment 
of the acute and chronic infections as well as, possibly, in relation to the hemor- 
rhagie states due to prothrombin deficiency. 

Possibly the same applies to the transfusion treatment of the anemias, al- 
though preserved blood appears adequate for the treatment of acute hemor- 
rhage and surgical shock. For these purposes MacDonald and Stephen’? join 
me in the belief that the addition of dextrose (modified Rous-Turner) or dextrin 
(Maisels and Whittaker) to the preservative is advisable as they both appear 
to preserve erythrocytes better than plain citrate or the preservative advocated 
by the Moscow Institute of: Hematology. Boland, Craig, and Jacobs? believe 
that the M.I.H. preservative is advisable for long preservation and the plain 
citrate for short preservation. With these conclusions I cannot agree. I advise 
that blood preserved for more than three days, although apparently satisfactory 
for the treatment of acute hemorrhage and surgical shock, should not be used 
in the transfusion treatment of acute and chronic infections, and the anemias 
and hemorrhagic states.* 
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THE RETICULO-ENDOTHELIAL SYSTEM: ITS PHYSIOLOGY 
AND PATHOLOGY* 


CHARLES A. Doan, M.D., F.A.C.P., CoLumBus, OHIO 


MMUNITY, as currently conceived in the light of the factual evidence accumu- 
lated over the past fifty years, consists in the effective interaction of at least 
two essential components, the one cellular, the other humoral. With the develop- 


ment of vital dyes by Ehrlich,’ and the demonstration by Goldmann? of their | 


selective segregation in large phagocytic cells throughout the connective tis- 
sues, the foundation was laid for studying the protective role of specialized 
mammalian cells in the disposition of foreign particulate material, both ani- 
mate® and inanimate. The recent chemical synthesis of azo dye antigens® has 
now provided histo-immunologists with a crucial link in the chain of objective 
evidence® required to identify this same system of phagocytic cells as the most 
probable source of circulating, humoral, immune, antibody globulins.’ The 
really tremendous significance of these cellular constituents to mammalian 
health and survival, therefore, has been gradually but certainly established. 
Conversely, the physiologic conservational phagocytic activity of this system 
of cells may become excessive for one or another of the normal circulating ele- 
ments, resulting in a variety of constitutional pathologic states, which will be 
analyzed briefly later. Thus, throughout the modern era of the microscopic 
study of cellular systems and tissue reactions, which has paralleled closely the 
evolution of the science of bacterial immunology, functional rather than purely 
morphologic considerations have dominated all researches in this field by neces- 
sity as much as by choice. 


MORPHOLOGIC AND PHYSIOLOGIC CONSIDERATIONS 


The speculative curiosity and academic interest of the embryologist and 
the histopathologist, nevertheless, through the years have continued to guarantee 
the accumulation of various morphologic details bearing upon the respective 
origins and the relationships which the phagocytic cells of the blood and tissues 
bear to each other, and to the nonphagocytic tissue elements. Suffice it to say 
here, without reviewing in extenso the variety of opinions and evidence presented 
elsewhere,® ° that Aschoff and Kiyono’® in 1913 very well indicated, and at the 
same time effectively arbitrated, the two chief divergent hypotheses in the concep- 
tion and creation of the term ‘‘reticulo-endothelial system.’’ By this designation 
it was implied that the definitive phagocytes of blood and tissues, other than the 
‘‘miecrophages’’ (neutrophilic granulocytes) of Metchnikoff,"' could be derived 
either from connective tissue reticulum or from specialized endothelial cells, or 
from both, depending upon location and circumstance, and, perhaps, definition. 
At the present time only minor modifications or elaborations of this broad fune- 


*From the Department of Medicine, College of Medicine, Ohio State University, Columbus. 
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tional generalization may be said to have resulted from the intensive and diver- 
sified clinical and experimental investigations carried forward during the inter- 
vening years. 

Any careful, firsthand, objective study of the problem today with the 
variety of techniques available will reveal certain, readily verifiable morpho- 
logic facts, subject to few exceptions, but susceptible of no little controversial 
interpretation. Reference to Chart 1 will suggest a skeleton outline of possible 
cell relationships within the broader limits of the reticulo-endothelial concept. 
It reflects one more attempt to ‘‘streamline’’ the consensus of current opinion 
as the basis for this part of our discussion. At the apex is placed the non- 
controversial, universally accepted, multipotential, mesenchymal anlagen for all 
blood and connective tissue elements, from which point of departure all cell 
relationships and interrelationships and interpretations under consideration 
must by common consent originate. In the most primitive connective tissues 
at least three morphologic types of cells may always be differentiated: fat, 
cells, endothelial cells, and reticulum cells. 


ROLE OF THE FAT CELL 
The lipoblast, forerunner of the widely distributed fat cells of the tissues, 
arises from undifferentiated perivascular, mesenchymal cells related to the 
reticulum and entirely distinct from fibroblasts (Maximow, Mallory, Friedrich, 
Wassermann ). 


Wells’? has recently emphasized again the necessity of including adipose 


tissue within the reticulo-endothelial concept in harmony with the glandlike 
histologic character of the unfatted fat organs, and in conformity with the 
evidence that many cells distended with fat are still entirely capable of carry- 
ing on other functions. Dogliotti'® has shown that both brown and white fat 
tissue cells may store vital dyes like other reticulo-endothelial derivatives, 


which process is especially well seen in the depleted fat cells; and Bremer™ 


has demonstrated in the thin cytoplasmic ring in the periphery of fat-distended 
cells, granules of vital dyes suggesting participation by fat tissue in antibody 
formation. As might be anticipated, the opposite interpretation of such objec- 
tive observations has been advanced, Chun Chang’® believing his experimen- 
tally altered omental and marrow fat cells in the rabbit to be nothing more or 
less than macrophages with a predominant fat content. He cites the finding 
of phagocytized hemosiderin and entire granulocytes in such fat-laden cells 
as circumstantial evidence of a macrophage origin for all fat cells. Certain 
it is that monocyte and lipoid-stimulated epithelioid cells of blood and tissues 
frequently show a-special type of progressive fatty metamorphosis, resulting in 
ultimate cell rupture in tuberculosis associated with caseation.’® Hausberger’ 
has reported the ability of the interseapular fat organs to form fat from earbo- 
hydrate by way of glycogen deposit in the fat cells. Schoenheimer’s studies"® 
with fat marked with heavy hydrogen showed immediate deposition of most of 
the food fat in specific adipose tissue, rather than direct metabolic utilization. 
The capacity of depleted fat cells to take up water, thus becoming extremely 
hydropic, has been noted in our own studies of experimental marrow hypo- 
plasia in pigeons,'® and observations by Wassermann”? of hydrosis of distended 
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fat cells led him to suggest that adipose tissue may play an important role in 
water metabolism. The truth probably lies somewhere between the extremes of 
the positions taken by the various investigators; viz., that lipoblasts are more or 
less differentiated cells of the connective tissues, predominantly equipped to 
efficiently store and promptly release essential fatty substances in the normal 
metabolic economy of the mammalian body, and on occasion, under special 
circumstances, such cells may take in small amounts of other substances; the 
true macrophage, conversely, participates, if at all, in fat phagocytosis only 
incidental to fat necrosis and to other pathologie disturbances involving fat 
metabolism, as for example the xanthomatoses. 


RETICULO-ENDOTHELIAL SYSTEM 
(Mesenchyme) 
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TISSUE MACROPHAGE 






The large highly phagocytic macrophage found in the parenchyma of 
spleen and bone marrow and scattered throughout the diffuse connective tis- 
sues is rarely seen in the circulating blood due to its size and sluggish motility. 
Such cells divide, giving rise to new, potentially phagocytic units on demand, 
their ultimate, fixed tissue origin being difficult to determine, being possibly 
reticulum (Chart 1). They phagocytize large particles of debris, digest whole 
red and white blood cells, selectively segregate vital dyes, and show intra- 
vacuolar reactions to neutral red, with a pH range from 6.8 to 8. Anchored 
in the sinuses of the liver and presumably deriving from the lining endo- 
thelium are functionally and morphologically similar units, the so-called 
Kupffer cells. In lymph nodes subject to drainage from areas of necrosis or 
hemorrhage, the sinus endothelium hypertrophies, becomes highly phagocytie, 
and individual cells may even detach themselves, becoming free and rounded 
phagocytes. 
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THE MONOCYTE 


On the other hand, always to be found in the circulating blood physiologi- 
eally are the potentially phagocytic monocytes (large mononuclear or transitional 
eells of Ehrlich), which when stained supravitally with neutral red, reveal a 
more or less definite rosette pattern of small preformed segregation vacuoles, 
with constant pH.2‘. Their number in the blood is usually a direct reflection of 
their quantitative, extravascular representation in organs and tissues of the 
body, and they participate more or less actively in the cellular reaction to a 
variety of stimuli.2? These blood monocytes appear to arise in the intervascular 
tissue spaces in association with undifferentiated, fixed reticulum cell hyperplasia, 
and must undergo a period of development with the elaboration of characteristic 
mitochondria and specific vacuoles before motility or functional maturity are 


attained. 


However, under stress, when engorged with whole blood cells or 


excessive nonspecific debris, the definitive phagocytes in a given inflammatory 
area frequently become indistinguishable morphologically in terms of their 
endothelial or reticular cell origin. The term ‘‘macrophage’’ (big eater) cor- 
rectly and accurately describes such cells irrespective of their remote derivation. 


INTERRELATIONSHIPS OF THE PHAGOCYTIC CELLS OF MAMMALIAN TISSUES 


Starting, therefore, ultimately either from specialized fixed endothelium or 
from fixed reticulum eells with primitive mesenchymal potencies, certain free 


phagoeytie cells arise, showing more or less differentiating criteria with respect 
to cell size, morphology, staining reaction, degree of motility, intravacuolar pH, 
segregation capacity, and selectivity. Under various pathologic conditions and 
during in vitro cultivation, these differences may be either accentuated or mini- 
mized. Such firmly established and well-documented observations have re- 
sulted in two principal divergent interpretations; first, that all morphologic 
variations reflect simply different phases in the life cycle and/or siage of func- 


tional activity of one cell strain; second, that environmental circumstances 
more or less modify or efface the original identifying criteria of cells with 
phagocytic potencies arising from two or more sources. 


The evidence adduced to date from tissue culture has tended largely to 
support the first conception. In the earlier studies the survival in vitro of 
living blood or tissue cells was associated almost invariably with extreme 
vacuolization, much of which was degenerative. With improvements in tech- 
nique, more particularly the determination of essential nutritional elements 
and optimum gas concentrations for explanted cells, and with adequate pro- 
vision for elimination of catabolic products, conditions were rendered more 
nearly physiologic and interpretations have been correspondingly more readily 
transferable to in vivo phenomena. During recent years in this laboratory, 
Houghton”* has directed in vitro culture studies toward the better understand- 
ing of this problem of the interrelationship of blood and tissue phagocytie cells. 
The monocyte of the normal blood would seem from these observations to have 
very considerable powers of survival, multiplication, and adaptation to fune- 
tional requirements, more certainly than can be demonstrated for circulating 


lymphocyte, or for any of the granulocytic series of cells. Under these con- 
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ditions definitive ‘‘macrophages’’ appear, which are indistinguishable from 
the tissue macrophages and which quite obviously have been derived from the 
circulating blood monocytes. 

Ebert and Florey** modified the Sandison-Clark chamber technique for 
the in vivo study of the extravascular development of the monocyte in the 
rabbit’s ear. Tissue cells were marked with vital new red, pontamine sky blue, 
or trypan blue. With the aid of carbon injections, circulating ink-containing 
‘‘monocytes’’ were observed to emigrate into the organizing clot on the growing 
edge of an injured tissue area. However, ‘‘though it was thus made certain 
that the blood monocyte was capable of developing extravascularly into a cell 
indistinguishable from that frequently called a histiocyte, it was not quite 
clear that all the macrophages present at the developing edge originated from 
monocytes. It is conceivable that some were due to the mobilization and division 
of pre-existing tissue histiocytes.’’ While supravital preparations of rabbits’ 
blood stained with neutral red were reported to have been made, no study of 
the tissue cells under similar conditions is recorded by these investigators. My 
co-workers and I'* 7! have shown that acid diazo dyes in dosages comparable 
to those used by Ebert and Florey, while prominently identifying the so-called 
macrophages or histiocytes already in the tissues, are only rarely, if at all, 
demonstrable within the monocytic derivatives, if the latter are defined and 
identified by the rosette of vacuoles, revealed by superimposing vital neutral red 
upon the living tissues in question. Ebert and Florey interpret their data as sup- 
porting the monocytic origin of the tissue histiocyte, but in all fairness, a critical 
review of their evidence is hardly more convincing or conclusive in that direc- 
tion than many previous studies. Of genuine interest, from the functional 
standpoint, however, are their ébservations suggesting that macrophage-ingested 
erythrocytes may be completely broken down within two hours, and that these 
same tissue macrophages, containing ingested vaseline, survived, and remained 
relatively stationary in position and condition within their rabbit ear ‘‘cham- 
bers’’ over an eleven-month period. 

' Reference to Chart 1 again may assist in clarifying the ramifications and 
probable relationships of those morphologically differentiable cells which con- 
tribute ultimately to the group of functionally active phagocytes known de- 
seriptively and collectively as macrophages. From fixed endothelium and from 
fixed reticulum—either directly, or via the lipoblast-fat cell route, or through the 
monoblast-monocyte-epithelioid maturational development—may be derived de- 
finitive units, which become increasingly difficult to recognize in terms of their 
origin, as maximum, heterogeneous, nonspecific, phagocytic activity obscures 
all other cytoplasmic criteria. Under physiologic conditions there ean be no 
doubt as to their individual identity and more or less selective functions: the 
tissue-distributed macrophages of spleen and bone marrow always contain 
senile red blood cells in their role of conserver of iron to the body, and an 
occasional identifiable white cell; the Kupffer cells of the liver and the mesenterie 
lymph node endothelium contain debris salvaged from blood and lymph streams 
in the normal course of keeping the blood stream free of bacteria and of par- 
tially broken down proteins from the gastrointestinal tract ; the monocyte retains 
its rosette of vacuoles, and is fastidious in its selection of only small particulate 
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debris in contradistinction to the tissue clasmatocyte or macrophage; and the 
fat cells clearly limit their activities to the storage of lipoids. True, however, 
to the universal biologie principle of a common responsibility for community 
survival when external danger threatens, any or all of these physiologically dis- 
tinetive units may, under pathologie conditions, become mobilized in a common 
cause involving the utilization of a common potential phagocytic capacity, and, 
to a greater or lesser degree, each may be able to contribute to the humoral anti- 
body globulins so essential to adequate cellular defenses. In this connection, 
Sabin® has pointed out that even the fibroblast may be seen to take up minute 
amounts of vital dyes or dye antigens when excessive quantities are forced 
upon the tissues, and that they may contribute their share to the circulating 
humoral antibodies. 

Just as these various cells function more or less selectively in response to 
specific physiologic demands, thereby assuming certain distinguishing morpho- 
logie characteristics, it seems reasonable to assume that under differing patho- 
logic requirements one or other of these units might be able to assume the 
major role of defense, to be secondarily aided from other areas, if and when- 
ever necessary. Such has been demonstrated to be the ease. In tuberculosis the 
monoeyte-epithelioid response appears to be primary;'® in kala-azar the macro- 
phagie ingestion of Leischmania donovani bodies leaves the monocytes of the 
hamsters relatively unaffected.2> As further studies of pathologie reactions are 
analyzed on the basis of these cellular concepts, the examples will doubtless be 
multiplied. 

Turning now to other areas where the interrelationships are perhaps less 
involved, we come to the question of monoblast and myeloblast. Usually under 
both physiologic and pathologie conditions these stem cells, precursors of their 
respective cell strains, may be more or less readily differentiated. The criteria 
are admittedly more readily applied in supravital preparations and Romanowsky 
stained blood films than in fixed sections. It is in tissue culture, however, that 
the potential capacities for dedifferentiation have been most strikingly observed. 
Houghton?* believes, from his studies of normal human blood, that the myelo- 
eytes which appear in his cultures after three to six weeks are not arising from 
‘‘primitive eells,’’ but from the so-called ‘‘monocytes,’’? which gradually lose 
their more mature characteristics and then begin to elaborate specific granules 
or to develop vacuoles and phagocytic capacities typical of the macrophage. In 
cultures of leucemie monocytes there is the uniform appearance of fibroblast-like 
cells after a few days, unquestionably derived from the monocytic elements; this 
is in sharp contrast to cultures of lymphatic and myeloid leucemie cells. Hough- 
ton’s observations would tend to invest the monocyte with the most versatile 
capacities for response to environmental demands of any of the blood or tissue 
elements. Aside from this unexpected attribute of specific granule elaboration 
by the monocyte in cultures, the myeloblast of the normal bone marrow differen- 
tiates from parenchymal reticulum cells, develops specific granules, either 
neutrophilic, eosinophilic, or basophilic in reaction to the Romanowsky stains, 
and follows the maturational sequence generally recognized.’ 

The lymphocyte, with its lack of differentiating characteristics, continues 
to intrigue the imagination of all cytologists as the most logical ‘‘ primitive 
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eell’’ from which an elaboration of specific cytoplasmic structures or materials 
may arise. However, as increasingly detailed and careful cytologic and fune- 
tional studies are applied to lymphocytes in biood, lymph, lymph nodes, and 
tissues, it becomes ever more evident that this cell has an independent life eycle?® 
and existence (Chart 1) altogether comparable with those observed for the 
myeloid and erythroid elements.'® 


The plasma cell, while always found in close association with the lympho- 
eyte, physiologically and in chronic inflammatory tissue reactions, would seem 
to stem back rather directly to the primitive free cell arising from reticulum, 
and to develop from an immature plasmacytoblast with highly individual mito- 
chondrial characteristics rather than from the differentiated lymphocyte. 


The intravascular origin of megaloblast and red blood cell series from fixed, 
specialized, hematogenic, capillary endothelium in bone marrow?’ is indicated 
on Chart 1 for the sake of completeness, and to suggest the functional relation- 
ships of endothelium under differing circumstances, but has no other place in 
this discussion. 

PATHOLOGIC CONSIDERATIONS 


Congental Hemolytic Jaundice——Directly related to the well-established 
physiologic phagocytic function of the reticulo-endothelial system for senile, or 
damaged, or imperfect blood cells would seem to be certain constitutional 
pathologic states in which an excessive destruction of these same elements is 
at least one factor contributing to the clinical symptom syndromes. Normal 
erythrophagocytosis, occurring in the macrophages of spleen, liver, and bone 
marrow in varying degree in different species, is followed promptly by red 
blood cell disintegration and by a splitting of the hemoglobin molecule into 
globin and hematin. The latter is further broken down into (1) the iron-free 
pigment hematoidin, which becomes the bilirubin of the plasma in hemolytic 
jaundice, or is secreted by the hepatic parenchymal cells as bile; and (2) hemo- 
siderin, in which form iron remains stored until needed for hemoglobin re- 
synthesis in the bone marrow. Mann and his associates** have demonstrated con- 
clusively that the macrophages of spleen and bone marrow, not the stellate cells 
of the liver, are normally the principal sources of bilirubin, and Kanner?® has 
reported, and we ean confirm, that no histologic alteration in the Kupffer cells 
of the liver oceurs in hematogenous icterus. Upon these observations may be 
based the modern approach to the pathologie physiology of human congenital 
hemolytic icterus. A dominantly inherited constitutional tendency to excessive 
hemolysis, upon which many environmental factors (pregnancy, trauma, minor 
infections) may play disastrously, has been clearly established.*® The more 
active phases of this disease are invariably associated with a directly proportion- 
ate degree of splenomegaly, in which excessive parenchymal erythrocyte segre- 
gation and phagocytosis may readily be demonstrated. Moreover, ‘splenectomy, 
when successfully accomplished, and if it includes the removal of all accessory 
splenic tissue—even though the operation be performed during an acute hemo- 
clastic crisis*!—invariably results in an immediate, complete, and usually perma- 
nent remission. Any significance, other than diagnostic, of defective, spherocytic 
erythrocytogenesis in congenital hemolytic icterus remains unsettled. Haden* 
believes spherocytosis to be the congenital prerequisite to increased erythrocyte 





96 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


fragility, while Dameshek** interprets spherocytosis as the end result of hemo- 
lysin activity upon mature red blood cells without any inherent marrow defect. 
The fact that splenectomy is followed by a return not only of red blood cells, 
but also frequently of thrombocytes and granulocytes, to more nearly normal, 
highly stable, equilibria, at least suggests that any marrow contribution to this 
clinical syndrome is dependent upon a more fundamental splenic dysfunction. 
Farrar, Burnett, and Steigman** report a patient with hemolysinic anemia 
with hepatic degeneration who responded dramatically to emergency splenec- 
tomy although excessive erythrophagocytosis by splenic macrophages was not 
apparent. An hemolysin was demonstrated in the blood serum before, but not 
after, removal of the spleen. Thus, at least two possible mechanisms of red 
blood cell destruction must be attributed to the spleen in hemolytic states; the 
one, direct phagocytosis by reticulo-endothelial cells, the other, indirect 
hemolysin elaboration, probably by the same cells. 

Thrombocytopenic Purpura.—Reference has been made to the frequency 
with which a mild thrombocytopenia and granulocytopenia are found secondary 
to primary splenic anemia.*! Either of the former disequilibria may become pri- 
mary in certain individuals and dominate the clinical and laboratory pictures. 
There is one type of thromboeytopenie purpura directly related to a normal-sized 
but pathologie spleen, and dependent upon, either selective abnormal macro- 
phagie destruction of platelets*® or splenic inhibition of marrow megakaryo- 
eytic functional efficiency,** or ‘‘thromboeytopen 
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derived from the spleen. 
In these patients, successful splenectomy is followed by a prompt and main- 


tained return of platelets to the circulation without any recognizable change 


in number and histologic integrity of marrow megakaryocytes before and after 
surgery.*> The reticulo-endothelial phagocytes in these spleens probably play 
a more or less important role in the peripheral destruction of the important 
platelet elements. 

Primary Splenic Granulocytopenia.—Reeently a primary granulocytopenic 
syndrome, with marrow myeloid hyperplasia, splenomegaly without hepatic pa- 
thology, and a negative history for drug or bacterial idiosynerasies, has been 
described from this elinic.*® Hemolytic erythrocytopenia and/or thrombocyto- 
penia have been either incidental or nonexistent. The clinical manifestations 
have ranged from acute, through subacute, to chronic, and in each instance 
splenectomy has resulted in complete recovery. Careful supravital surveys 
have confirmed in every instance a tremendous excess of highly phagocytic 
macrophages in the splenic parenchyma, with whole intact granulocytes repre- 
senting the principal engulfed material; the organs, fixed and sectioned, using 
ordinary techniques, lost much of the dramatic demonstration of selective 
phagocytosis seen in the fresh tissues. 

Banti’s Syndrome.—In Banti’s syndrome the splenomegaly found accom- 
panying progressive hepatic cirrhosis of varying etiology*® is characteristically 
associated with a granulopenic leucopenia, which is partially relieved by splenic 
artery ligation, and completely corrected by splenectomy.*' Here again the 
sternal marrow shows no interference with normal hematopoietic activity, and 
any anemia is usually secondary to occult or obvious gastrointestinal hemor- 
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rhages. Both leucopenia and moderate thrombocytopenia, on the contrary, 
are apparently related to an hyperplasia of overactive macrophages in an 
hypertrophied spleen. 

The evidence just presented, viewed in its entirety and in its interlocking 
and overlapping details, would certainly seem to justify the belief that the 
physiologic function of reticulo-endothelial phagocytosis by the normal spleen 
may become pathologically accentuated, either as an inherited or as an ac- 
quired trait; and that any or all of the elements arising in the marrow physi- 
ologically may be individually or collectively preyed upon to the extent or 
degree of producing symptoms characteristic of each critical deficit point, 
respectively. In addition to the usual information, differential and quantita- 
tive cell studies of the sternal marrow, together with data obtainable from the 
adrenalin test, are essential to the critical analysis of the mechanism under- 
lying these several syndromes, and as a basis for determining their therapeutic 
rationale. 


RELATIONSHIP OF THE RETICULO-ENDOTHELIAL SYSTEM TO HUMORAL IMMUNITY 


In addition to the observations of selective phagocytic activity on the part 
of the reticulo-endothelial cells, a great many investigations have been under- 
taken in the attempt to demonstrate a direct relationship between this cellular 
system and humoral immunity. Reticulo-endothelial cell blockade with carbon 
particles or various vital dyes, or extirpation of the spleen, or both, have pre- 
ceded the administration of a variety of antigens, with the variation in anti- 
body titers, subsequently developed, used to measure the specific sensitivity 
of the tissue response. Most of the evidence thus accumulated has seemed to 
indicate the existence of an intimate relationship between the integrity of the 
reticulo-endothelial system and antibody formation. 


When foreign erythrocytes are injected into an animal for the first time, 
they are promptly removed and destroyed by intracellular phagocytosis ; when 
red blood cells from the same source are again injected after a suitable interval, 
intravascular, extracellular hemolysis occurs through the action of circulating 
hemolysins. That the cellular elements originally responsible for the elimina- 
tion of the foreign red blood cells by phagocytosis should be the most likely 
source of the newly developed hemolysins is a reasonable assumption. In sup- 
port of this hypothesis is the almost complete agreement that hemolysin pro- 
duction is interfered with to a greater or lesser degree by reticulo-endothelial 
blockade.*? 


Persistent endocrine therapy has been frequently observed to lead to the 
development of hormone refractoriness. Collip and his collaborators** have 
shown that acquired hormone refractoriness is serologically transferable, and 
certain studies have pointed toward a compensatory hypertrophy of antag- 
onistic endocrine glands as the underlying mechanism.** The extensive and 
highly suggestive experimental studies reported by Gordon, Kleinberg, and 
Charipper,*® however, seem to link the reticulo-endothelial system to this phe- 
nomenon. They found that, while the daily subcutaneous injection of preg- 
nant mare’s serum, gonadotropin, caused a maximum ovarian weight increase 
in normal female rats by the seventeenth day, in parallel tests with splenec- 
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tomized female rats the initial rate of ovarian increase was twice as fast, and 
the development of refractoriness was delayed until the twenty-fifth day. By 
combining splenectomy with trypan blue blockade, hormone refractoriness with 
resulting regression in ovarian weight was not observed even after fifty-five 
daily hormone injections. Refractoriness to thyrotropic hormone in normal 
guinea pigs developed within twenty days, whereas in splenectomized, dye- 
blockade controls it was delayed for at least fifty days. The effects of splenec- 
tomy on the development of testicular hypertrophy in male rats following daily 
injections of gonadotrophie substance were in accordance with the same law. 
Gordon and his colleagues argue that since participation of the reticulo- 
endothelial system seems to be essential for the development of hormone re- 
fractoriness, antihormones are true antibody, immunologic adaptations despite 
their alleged failure to give routine, complement deviating, test tube reactions. 


Most convincing, however, in this general area have been the recent co- 
operative investigations of chemist, immunologist, and cytologist, each utilizing 
the latest technical approaches to the problem in his own domain. In 1930 
Heidelberger and Kendall®> synthesized a dark red dye protein, R-salt-azo- 
benzidine-azo-egg albumen, with marked antigenic properties, that showed 
highly selective phagocytosis by cells of the reticulo-endothelial system. 


Preparing a more highly purified antibody than had previously been avail- 
able, Heidelberger and his associates,’ using the ultracentrifuge and determin- 
ing electrophoretic mobilities, found the molecular weights and electrical phe- 
nomena of antibodies to be those characteristic of proteins. This was in con- 
formity with the previously observed invariable association of antibodies with 
the globulin fractions in serum. Sabin,** it will be remembered, pointed out in 
her early study of the chick blastoderm, among other things, the liquefaction 
of some of the angioblastie cells differentiating from the primitive mesenchyme 
to form the first protein-containing blood plasma. Ranvier‘? had noted the 
‘‘shedding of exoplasm’’ by certain of the larger connective tissue cells in the 
frog, which led him to designate these elements as clasmatocytes. Supravital 
preparations of living cells from blood, lymph nodes, spleen, omentum, or 
peritoneal fluid regularly confirm the fragmentation of cytoplasm. This phe- 
nomenon is especially prominent in young lymphocytes, monocytes, and clas- 
matoecytes or macrophages. These observations suggest the mesothelial origin 
of some, if not all, of the serum proteins; and the increase in fibrinogen and 
globulin following large doses of India ink and saccharated iron oxide® has 
been explained on the basis of a stimulation of the tissue phagocytes. Recently 
Sabin® took the alum precipitate of Heidelberger’s dye protein, whose readily 
visible purplish-red particles had been proved to be of superior antigenic 
potency,’ and followed its physical disposition via various avenues of injection 
in rabbits. When given intravenously, the resulting antibody titer was higher 
than when the antigen was introduced by the intradermal, subcutaneous, or 
intraperitoneal routes, with phagocytosis by local macrophages and by the 
lymphatie endothelium and free macrophages of the regional lymph nodes only. 

The details of this study make fascinating reading, but the evidence as 
finally interpreted seemed to justify the following conception: the phagocytic 
endothelium, both vascular and lymphatic, as well as the free macrophages 
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of the tissues everywhere, are constantly phagocytizing foreign materials which 
may be divided into two general groups, antigens and nonantigens. These sub- 
stances are first segregated into the vacuolar organs of digestion of the cell 
and prepared for diffusion into the cytoplasmic zone of synthesis; the normal 
food substances ingested are utilized in the formation of normal globulin, but 
foreign antigenic proteins increase and modify this synthesis of globulin, so 
that with the shedding of parts of the surface films of such cells, both normal 
and antibody globulins are carried into the blood plasma. This conforms with 
the observation of a concomitant increase in both under such circumstances. 
These cells, during the period in which the modified globulin remains within 
the cytoplasm, react differently from the normal cell in the presence of addi- 
tional original antigen, thus relating ‘‘sensitization’’ and ‘‘immunization’’ to 
different phases of the same mechanism. 

The variation in species and individual response to various antigenic sub- 
stances is readily explained by Sabin’s observations. Two distinct steps are 
necessary for the development of antibodies: first, the phagocytosis and intra- 
vacuolar preparation of the antigen for introduction into the cytoplasm proper; 
and, second, the synthesis of new and modified globulins. Both these phases 
require time, which would naturally vary with the quantity of antigen avail- 
able, its relative ease of degradation, and its ability to modify normal globulin 
synthesis. Furthermore, the units which comprise this phagocytic defense 
system of the mammalian organism are as diversified in origin and definitive 
type, and probably, therefore, in functional specificity and efficiency, as are 
the several units of a modern arm—granulocytes, monocytes, clasmatocytes, 
endothelial phagocytes, specialized as in the Kupffer cell and nonspecialized 
as in the lining cells of the lymph sinuses; and it is probable that each responds 
differently, quantitatively if not qualitatively, to different antigens and under 
different environmental circumstances. The various chemotherapeutic agents 
either assist or prevent clinical recovery in infectious diseases to the extent 
that they aid or hinder this important cellular mechanism of the body in its 
phagocytic and antibody-forming functions plus any direct effect they may 
have on pathogenic bacteria. 

These recent studies of Dr. Sabin and her chemical and immunologie ¢ol- 
laborators mark an enormous advance in our understanding of the essential 
mechanism of natural and acquired immunity, yet represent but a logical con- 
summation and final unique demonstration of an hypothesis supported by the 
gradually accumulated experience of many years. 


SUMMARY 


In summary, the following points may be accepted as a tentative working 
basis for present therapeutic applications, and for further exploratory excur- 
sions into this absorbing and important phase of medicine: (1) the reticulo- 
endothelial system represents a functional unit arising from mesenchymal 
derivatives possessing a common phagocytic capacity; (2) certain morphologic 
variations associated with a variety of physiologic functional requirements may 
be recognized; (3) under pathologic conditions and in tissue culture such 
morphologie criteria may become either accentuated or diminished; (4) when 
highly stimulated, all phagocytic cells, regardless of the ease of differential 

















































































































































































































































































100 


identification under physiologic conditions, tend to assume a common appear- 
ance and may be designated by the common descriptive term, macrophage ; 
(5) while originally protective and conservational in functional objectives in 
the normal body economy, these phagocytic scavengers of the mammalian 
tissues may assume an excessive selective destructive affinity for any of the 
normal blood elements, thus precipitating a variety of characteristic clinical 
syndromes; (6) the spleen is usually the site of the greatest destructive activ- 
ity, and when the appropriate diagnostic tests have localized the major pa- 
thology to this organ, splenectomy is indicated as the rational therapeutic pro- 
cedure; (7) conclusive evidence of the active participation of the reticulo- 
endothelial cells in humoral antibody production would now seem to have been 
obtained ; (8) this reaction has both favorable (protective antibodies) and un- 
favorable (hemolysin production) implications for mammalian survival; (9) a 
constantly increasing accumulation of carefully controlled factual information 
is providing an ever broader and more substantial foundation for a more effec- 


tive manipulation of this important defense unit in the interest of individual 
health. 
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THE MECHANISM OF BACTERIAL ALLERGY* 


J. BRONFENBRENNER, PH.D., St. Louts, Mo. 


HENEVER antigenic substances of foreign origin are brought into con- 

tact with inner tissues of animals past the natural barriers, the physiologic 
behavior of such animals is radically changed: they are rendered allergic’ 
(allergy = altered reactivity). In final analysis this alteration consists of an 
acquisition by the tissues of these animals of a specifically directed increased 
capacity to immobilize, neutralize, and eventually to eliminate the particular 
foreign matter if it is subsequently introduced. 





While different antigens vary as to their effectiveness in causing the estab- 
lishment of this altered reactivity, in general the necessary stimulus for altering 
the reactivity of the exposed tissues (immunogenic = allergenic stimulus) ean 
be produced by the parenteral entry of extremely small amounts of antigens 
(allergens). Thus, even in the ease of antigens possessing an intrinsic toxicity 
or a capacity to engender infection, this alteration of reactivity can be accom- 
plished by introducing these antigens in amounts below the quanta necessary 
to cause primary: injury (though in practice it is preferable to use for this 
purpose larger amounts of modified material rendered atoxie or avirulent). 

The specificity of this altered response is mediated by antibodies which 
thus may serve as indices of the past immunogenic (allergenic) experience of 
a given animal. If the antibodies are produced in sufficient abundance to 
appear free in the circulation, the blood serum of such animals may serve for 
a passive transfer of this specific altered reactivity to normal animals. 

Besides noting the presence of antibodies in the blood or tissue juices, 
the state of specifically altered reactivity of the animal can be detected either 
by observing the response of the animal as a whole (systemic reaction) to 
systemic reintroduction of the antigen in question, the local inflammatory re- 
action produced in certain most accessible tissues by the exposure in situ 
(skin, conjunctiva, nasal mucosa), or by exposing excised reactive tissues to 
contaet with antigen in vitro (Sechultz-Dale reaction). 

While the term ‘‘allergy’’? was coined by von Pirquet' to denote the 
totality of this specifically altered reactivity, irrespective of the method by 
which it is demonstrated, and disregarding the character of the final effect 
produced in the animal, in current colloquial usage the term ‘‘allergy’’ has 
been frequently employed more specifically with reference to the inflammatory 
skin response elicited in previously exposed (immunized — allergic — sensitized) 
animals by intracutaneous introduction of the antigen (allergen) in question 





(which presumably causes no such reaction in the skin of normal animals). In 


*From the Department of Bacteriology and Immunology, Washington University Medical 
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this narrow sense ‘‘bacterial allergy’’ denotes the skin reaction elicited by bac- 
teria and their products. This reaction is utilized in clinical practice to detect the 
existence of a specific altered reactivity presumably engendered by previous 
exposure to the particular bacterial antigen. 

Because of certain differences in the general characteristics of skin re- 
actions to certain bacterial antigens as compared with response to other antigens 
such as soluble proteins, it is currently and erroneously assumed that the mecha- 
nism of bacterial allergy is essentially different from that of hypersensitiveness to 
other antigens. This unwarranted assumption is largely due to the fact that 
much of the early knowledge concerning bacterial allergy came by way of the 
study of hypersensitiveness in tuberculosis. 


The hypersensitiveness developed as a result of exposure to the tubercle 
bacillus, however, is not entirely typical of bacterial allergy in general. In 
some respects it represents an exception in that the exposed animal in addition 
to producing antibodies (and thus becoming sensitized) to preformed antigens 
present in the bacillus itself (as in the case of an exposure to other bacterial 
antigens), develops also sensitivity to some as yet not definitely known product 
originating within the infected tissue (tubercle). While direct evidence for the 
existence of this product is not abundant, the experiments of Me Junkin? (with 
peritoneal exudates of tuberculous animals) and those of Zinsser and Grinnell® 
(in which delayed necrotic tubereulin-like reaction was obtained with products 
of autolyzed pneumococecus in animals previously sensitized with large amounts 
of this organism) point in this direction. Moreover, the findings of Dienes* 
clearly show that delayed inflammatory ( tuberculin type) response may be 
elicited with antigens other than bacterial, notably with egg white (and pre- 
sumably with other common antigens), provided that on the first exposure the 
antigen is introduced (directly or indirectly) into a site in which an inflamma- 
tory process has been set up. In short, the basic mechanism of allergic response 
in tuberculosis is not different. It represents merely a modification in some of 
the details of the reaction due to superimposition of the peculiar properties 
of the tubercle bacillus and of the pathologie process which it engenders; under 
suitable conditions this modified type of response can be superimposed on the 
usual allergic reaction to such typical antigen as egg white. 

That the response of hypersensitive animals to bacterial antigens is basically 
identical with that observed with typical antigen derived from other sources 
has been shown in some of the earliest studies. Thus Krauss and Doerr found 
in 1908 that intravenous injection of bacterial extracts into guinea pigs causes 
typical anaphylaxis and death of sensitized animals’ and that the serum of 
animals sensitized with bacterial vaccines is capable of inducing hypersensitive- 
ness in normal animals, so that such passively sensitized animals respond with 
anaphylactic shock to a subsequent intravenous injection of homologous bacterial 
extracts. More recently, Zinsser and ‘Parker’ showed that isolated smooth 
musele of either actively or passively sensitized guinea pigs responds with 
typical contraction when it is exposed in vitro to contact with specific bacterial 
extracts. 
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Even in the case of hypersensitiveness to antigen of tubercle bacillus these 

_basie responses have been elicited, provided that the complicating factors 
incident to the complexity of the antigenic structure of the bacillus and of the 
pathologie process it engenders are eliminated. Thus Enders® produced typical 
anaphylaxis in guinea pigs by intravenous injection of the soluble specific 
substance (specific hapten) of this organism both in animals actively sensitized 
with dead tubercle bacilli and in those passively sensitized with immune rabbit 
serum. Similarly, instead of a delayed necrotic reaction typical of the re- 
sponse in infected animals, an immediate evanescent wheal and erythema, 
characteristic of the usual response to ordinary soluble antigens, is elicited when 
animals sensitized with extracts of ground-up tubercle bacilli receive intra- 
cutaneous injection of tuberculin.’ 

It is to be noted, however, that in all the experiments already quoted, 
the antigenic materials used for sensitizing the animals, and particularly for 
eliciting the typical immediate response of hypersensitive animals, consisted 
either of crude bacterial extracts or of separate soluble fractions isolated from 
the latter. When coarse fragments of bacteria or suspensions of intact organ- 
isms are used in place of extracts, the local response of sensitized animals 
consists of an atypical delayed inflammatory reaction; and when such par- 
ticulate antigens are introduced intravenously, one may fail to elicit any 
symptoms whatever if all soluble material has been carefully removed by 
centrifugation. To elicit typical symptoms analogous to those observed with 
ordinary soluble proteins (such as egg white, serum, ete.) bacterial antigens 
must also be present in the state of solution. However, this dependence of the 
symptomatology of allergic response on degree of dispersion of the antigen 
is not a particular attribute of bacterial allergy. The failure to elicit typical 
reactions has been noted with any antigen if it is used in a more or less 
coarsely particulate state, such as erythrocytes, for instance. That the physical 
state of antigen is the determining factor is particularly clearly seen in the 
instance of such common antigens as egg white, which similarly fails to elicit 
characteristic reactions in sensitized animals if the test injection of this antigen 
is given in the form of coarse particles (as seen when suspension of particles 
of collodion coated with egg white are injected instead of a solution of egg 
white). If this question of the degree of dispersion of antigenic material is 
kept in mind, it becomes clear that atypical reactions observed with bacterial 
antigens do not indicate any difference in the basic nature of the reaction and 
do not justify the separation of bacterial allergy as being due to a different 
mechanism. 

Similarly, the claim that bacterial allergy seems to differ from allergy to 
soluble proteins in that it may be elicited in certain instances in the absence of 
demonstrable antibodies, is also invalidated upon adequate analysis. It should 
be noted that intact bacteria in general possess a relatively low antigenic 
activity. Even in the ease of bacterial extracts, several injections of antigen 
are required for the production of appreciable concentration of circulating anti- 
bodies, as well as for securing effective experimental sensitization. This is most 
likely due to the fact that bacterial substance, even in extracts, is for the most 
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part not in the state of true solution, and a large part of it is phagocyted, 
digested, and thus eliminated from the circulation before it has had opportu- 
nity to produce widespread antigenic stimulation upon the body cells necessary - 
for the copious production of antibodies. 

On the other hand, small amounts of antigen circulating in the blood even 
for a relatively short time may be fixed by such tissues as the skin, an organ 
known to take up very quickly from the circulation many (but not all) sub- 
stances introduced into it,!° and produce local antigenic stimulation.’ It is for 
this reason that not infrequently the skin test to bacterial protein (as well as to 
other poor antigens) may be positive, while the blood stream may show so low 
a concentration of antibody that its demonstration by usual serologic methods 
may fail altogether. Moreover, similar irregularities can be shown to exist under 
certain conditions even in the ease of ordinary protein antigens. For instance, 
if a normal guinea pig receives a sensitizing injection of egg white or of horse 
serum and subsequently is tested by daily intradermal injections of the homol- 
ogous antigen, the character of the response to intradermal injection will vary 
as the antibodies are being gradually produced. The skin test performed twenty- 
four hours after the sensitizing injection will be negative; that is, the animal still 
fails to react allergically—it behaves like any normal animal. However, on the 
second or on the third day (while no circulating antibody can as yet be demon- 
strated), the animal may exhibit a modified skin response—namely, at the 
sight of injection there will appear a wheal. However, instead of appearing 
immediately after injection as is the rule when soluble protein is injected into 
the skin of a fully sensitized animal, there will be a delay of from eight to 
twenty-four hours. Only after several days (five to seven or more) have 
elapsed after initial sensitization will the animal respond with a typical 
evanescent wheal and erythema, appearing within a few minutes after intra- 
dermal injection of the antigen; at this time circulating antibodies can usually 
be found. This occasional failure to demonstrate the circulating antibody (and 
consequently also the failure to secure a passive transfer with the serum of 
hypersensitive individuals) does not suffice to justify the claim that this type 
of hypersensitiveness is independent of antibody. In fact, in many such in- 
stances where ordinary methods have failed, it is possible to demonstrate the 
presence of antibody either by sharpening the methods of detection (such as 
the use of agglutination of antigen-coated particles instead of attempting to 
secure precipitation of the antigen directly"') or by securing the antibody from 
skin extracts or blister fluid. , 

A particularly important source of confusion in connection with attempts 
to arrive at the proper correlation between the somewhat aberrant phenomena 
observed in clinical bacterial allergy and those elicited in hypersensitiveness 
to relatively simple soluble proteins, is the complexity of physical structure 
and of the antigenic composition of the bacterial cell. Both when acting as a 
sensitizing antigen and as a reagent for eliciting the existing state of altered 
reactivity, bacteria do not act as a single antigen but represent ‘‘packages,”’ 
each containing a variety of independent antigens and haptens. As a result, 
depending upon the initial portal of entry (and, in final analysis, depending up- 
on the relative rate of disintegration of cells and liberation of independent 
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antigens), the parenteral introduction of heat-killed suspension of a pure 
strain of bacteria may result in the production of a variety of antibodies simul- 
taneously or of some at the exclusion of others. Thus, for instance, repeated 
intravenous injection of heat-killed suspension of the smooth variant of 
pheumococcus of a given type will give rise to type-specific (anticarbohydrate) 
as well as to species-specific (antiprotein) antibodies, and consequently will 
bestow upon the skin of the recipient animals the capacity to react to isolated 
specific carbohydrate derived only from the particular type of pneumococcus, 
while at the same time it will react to the protein fraction derived from the 
pneumococcus of any type. The serum of such animals will specifically agglu- 
tinate suspensions of this organism and will passively protect mice against in- 
fection with homologous type of pneumococecus only. 

However, while the specific carbohydrate of these cells is the factor which 
determines the type specificity of this bacterial antigen, the isolated carbohy- 
drate by itself is devoid of the power to stimulate antibody production unless 
it is intimately coupled to other constituents, as in the intact bacterial cell. Con- 
sequently, intravenous introduction of ground cells, or in any way disintegrated 
cells, derived from identical cultures fails to stimulate the production of type- 
specific (anticarbohydrate) antibodies. 


Similarly, if the killed suspension of intact bacterial cells is introduced re- 
peatedly into the skin of normal animals (instead of intravenously as above), 
such animals also fail to develop type-specific antibodies. Consequently, their 
serum. dees not possess the type-specific agglutinins, nor is it capable of con- 


ferring passive protection to infection in mice, although the animal (donor 
of the serum) itself has acquired a degree of resistance to infection not only 
with homologous, but with any type of pneumococeus. The skin of such 
animals will fail to react to specific carbohydrate, but will react to the protein 
fraction derived from pneumococcus of any type. 

On the other hand, when bacterial antigens are employed as reagents to 
elicit the presence of the altered reactivity of the skin, the outcome of such 
tests frequently may be vitiated, depending upon whether or not the proper 
antigenic components or the specific haptens are present, and whether they are 
available in a particular preparation in particulate or in soluble state. 

In addition to the above-mentioned constituents, the cell of pneumococcus 
possesses several other antigenic components. Analogous, though not identical, 
components are present in all bacterial cells, and not infrequently it happens 
that some of the constituents of the cells of a given bacterial species are anti- 
genically more or less closely related to the corresponding constituents of the 
cells of more or less biologically unrelated bacterial species. It is not sur- 
prising, therefore, that some of the results of skin tests suggest a relative lack 
of specificity. Yet with adequate knowledge of the ‘‘antigenic spectrum”’ of 
the reagents used, these apparently confusing findings may often be adequately 
interpreted without assuming the existence of a fundamental difference be- 
tween the respective mechanisms of bacterial and protein allergy. For ex- 
ample, the skin of animals immune to pneumococcus type II will react to 
extracts of Friedlander type B bacillus, and serum of such animals will protect 
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normal mice against experimental infection with this organism. This ap- 
parently nonspecific phenomenon of bacterial allergy is easily explained by 
the finding that the specific carbohydrates of these two biologically unrelated 
organisms are antigenically related. This relationship can be proved by 
showing that the skin of animals immunized by intravenous introduction of 
suspensions of Friedlander type B (but not of any other type) bacillus will 
reciprocally react both in vitro and in vivo with the specific carbohydrate of 
type II pneumococcus, but not with that of any other type of this organism. 
Similarly, because Bacillus proteus X,, possesses a carbohydrate immunologically 
related to that present in Rickettsia, the former organism, while utterly unre- 
lated biologically, is routinely employed as a reagent (antigen) in serologic 
diagnosis of typhus (Weil-Felix reaction). 


Furthermore, this complexity of antigenic structure, with all the resulting 
apparently nonspecific immunologic cross reactivity, is not limited to bacteria, 
but is found also in the tissues of higher plants and animals. Thus, for instance, 
the presence of related aleohol-soluble constituents (so-called Forssmann anti- 
gen) can be demonstrated by immunologic tests in several unrelated species 
of bacteria, as well as in corn, beets, turnips, and in certain tissues of chickens, 
guinea pigs, horses, and in the type A, human erythrocytes. 


Thus, while this apparent lack of specificity may be confusing, it is not a 
particular attribute of bacterial allergy, and if not recognized represents a 
potential source of error in all immunologic reactions with complex antigens. 
In reality, the apparently aberrant phenomena observed in bacterial allergy 
(provided all other potential errors* incident to skin-testing are eliminated), far 
from indicating lack of specificity, on the contrary are the expression of strict 
specificity which transcends the demareations of our current classifications. 


Still another characteristic which is adduced as a reason for ascribing to 
bacterial allergy a mechanism distinct from that operating in protein allergy 
is the lasting effects of desensitization. While specific desensitization is readily 
accomplished in experimentally sensitized animals, clinical literature is replete 
with evidence of failure to secure corresponding results in human beings. 
Moreover, in the case of protein sensitivity in man, in those instances where 
desensitization is attained, it is less solid (with respect to its intensity) than 
that exhibited in experimental animals and is of relatively short duration. In 
contrast to this, while desensitization with bacterial antigens is not more cer- 
tain of attainment, in cases where it succeeds it is usually found to be more 
solid and considerably more lasting. 


In order to be able to interpret the meaning of these observations, it is 
necessary first to recall what is the basic mechanism of desensitization in 
protein anaphylaxis. As the term itself implies, it is generally assumed the 
failure of desensitized animals to react to injection of antigen is due to in- 
ability of tissue cells to anchor the latter because of exhaustion of antibodies 


*Such errors as occasioned by differences in age, physiologic condition of the subject, and 
particularly the physiologic state of the skin (anergy, dermography) ; the presence of foci of 
infection (both specific and unsuspected past or present “undercurrent” infections of subclinical 
intensity) ; presence of contaminating unrelated antigens and impairment of specific antigenic 
reactivity of the reagents which may arise as a result of improper procedures used in their 
preparation, etc. 
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at their surface. However, ample evidence indicates that such a concept is 
incorrect, and consequently the term ‘‘desensitization’’ itself is a misnomer. 
From the fact that in animals experimentally sensitized to several antigens, 
repeated injection of one of them reduces the reactivity of these animals to 
all the other antigens, it is clear that the exhaustion of specific antibodies 
(even if it should occur) is not the proper explanation. Similar conclusion can 
be drawn from the observations that no matter how successful, desensitization 
is never absolute. While ‘‘desensitized’’ animals may fail to react to injection 
of several times the initially reactive dose of antigen, the injection of still larger 
amounts will elicit specific response. Furthermore, a comparable degree of 
refractoriness can be induced in sensitized animals irrespective of the nature of 
sensitizing antigen (nonspecifically) by parenteral introduction of a great 
variety of substances both possessing antigenic properties (such as milk, 
defibrinated autogenous blood, nonspecific bacterial vaccines, etc.) as well as of 
those devoid of intrinsic immunogenic activity (such as peptone, Bayer 205, 
lecithin, and in general, substances capable of causing nonspecific ‘‘anaphy- 
lactoid’’ reactions). It appears that the degree of effectiveness of this non- 
specific refractoriness (desensitization) directly depends upon the degree of 
systemic or local disturbance evoked by injection. The specific ‘‘desensitiza- 
tion’’ by the introduction of homologous antigen is merely one of the means of 
producing somewhat analogous disturbance (‘‘colloidoclasis’’ of Widal), and 
here again the more intense the reaction resulting from a ‘‘desensitizing’’ in- 
jection, the higher is the degree of refractoriness attained. It is for this reason 
that in animals currently ‘‘desensitized’’ by injection of nearly lethal doses of 
specific antigen the refractoriness is regularly attained. In human beings we 
deliberately decrease the dosage (as should be done) in order not to cause any 
serious disturbance; consequently in order to attain any appreciable degree 
of refractoriness many such injections are required. The duration of the re- 
fractory state so produced directly depends upon the amount of antigen 
injected to produce it. With bacterial antigens (which are relatively less re- 
active than soluble proteins) we introduce considerably more reactive material. 
This is eliminated more slowly and continues to maintain the state of refrac- 
toriness through continued combination with antibodies until all antigen is 
eliminated, when original sensitivity returns just as in the case of hyper- 
sensitivity to proteins. It is this residual bacterial antigen which is eliminated 
very slowly that is responsible for the fact that frequently in chronic infec- 
tions, or in cases with old incompletely absorbed foci of past infection, the 
skin tests yield negative findings in spite of the presence of demonstrable anti- 
body. 
SUMMARY 


The facts brought out in the preceding discussion indicate that the ir- 
regularities observed in connection with specific response to intradermal injec- 
tion of bacterial substrates are not fundamental in nature. They are due 
largely to the complexity of composition, physical state, and relatively low 
immunogenic properties of bacterial antigens. The cumulative evidence indi- 
cates that the basic mechanism involved in bacterial allergy is identical with 
that of allergy to simple proteins. 
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TREATMENT OF ALLERGIC DISORDERS WITH 
HISTAMINE AND HISTAMINASE* 


H. L. ALEXANDER, M.D., St. Lous, Mo. 


HE essentials of treatment of allergy have not changed much in the last 

twenty-five years. They depend primarily upon the discovery of the par- 
ticular foreign substances to which the patient may be hypersensitive. Such 
a process is usually an involved one and utilizes skin tests, elimination diets, 
and other forms of environmental control to detect the offending allergen. 
None of these is consistently dependable, and once the cause of symptoms is 
discovered, its removal or a defense against it by specific prophylactic injection 
may by no means be simple. It has, therefore, been the ambition of many 
to find a way that would circumvent the dependence on a specific immunologic 
approach. Many therapeutic measures have been introduced for this purpose: 
injections with colloidal suspensions, bacterial vaccines, glandular substances, 
x-ray and fever therapy, and a host of others. Among these have been histamine 
and histaminase. 

HISTAMINE 


The basis of histamine therapy for allergic disorders is theoretic, and 
vaguely so. It depends upon the assumption proposed by Dale several years 
ago that when the particular foreign substance to which man or animal is hyper- 
sensitive comes in contact with its specific antibody in the tissue cells, histamine 
is released. Histamine, in turn, causes smooth muscle spasm and localized edema 
which are the lesions of anaphylaxis and allergy. Dale’s theory has much to 
support it. Whether it is actually histamine or something akin to it that is re- 
leased by the tissues is not known. Lewis' proposed the term ‘‘H-substance”’ 
to designate a histamine-like substance. 

Although the process by which histamine is elaborated by the tissue cells 
was unknown, therapy with this substance for allergic disorders was introduced 
some years ago on the theory that it might act as a type of vaccination, although 
it had been shown that histamine had no effect in preventing anaphylactic shock 
in animals. Recently this has been questioned. Nevertheless, histamine was 
given to patients with bronchial asthma, hay fever, urticaria, and migraine, 
with indifferent results, and in time this form of therapy was abandoned. In 
analyzing these early methods of histamine administration, it is noteworthy that 
injections were given as a rule every few days, which, as will be discussed, may 
have been the cause of its failure. 

During the past three or four years, treatment with histamine has been re- 
vived and is receiving considerable support. In contrast to previous experience 


*From the Department of Medicine, Washington University, and Barnes Hospital, St. 
Louis. 
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with it, two outstanding facts have emerged: namely, its use is limited largely 
to chronic urticaria, and initial injections are given daily or even twice a day. 

Dzinich? was probably the first to demonstrate that cases of chronic urticaria 
could be markedly benefited by small daily doses of histamine. The same method 
was successfully used by several investigators in angioneurotic edema and in 
patients with so-called ‘‘cold allergy,’ in which edema of the skin occurs 
on exposure to low temperatures. The initial dose is small, 0.01 mg., which may 
be built up rapidly to 0.8 mg. After two or three weeks, when improvement 
occurs, injections are given every other day, then twice a week, and finally are 
discontinued. Individuals vary in their tolerance to histamine, but when symp- 
toms of overdosage, such as flushing, headache, and palpitation, do occur, they 
are transitory. 

Fiessinger and Gajos* claimed success in the treatment of urticaria by in- 
troducing histamine into the skin by iontophoresis. This establishes a depot of 
the drug, which is slowly absorbed. According to Abrahamson,’ histamine in- 
troduced in such a way will remain in situ for several days. Alexander and 
Elliott® were the first to treat urticaria with histamine given intravenously. The 
method consists in diluting 0.2 mg. of the base with 10 ¢.c. of physiologic saline 
and injecting it slowly. It had been demonstrated by Barsoum and Smirk? 
that there is a direct ratio between the speed of injection and the amount 
tolerated. When 6.7 y were injected in two seconds in a normal subject, facial 
flushing and acceleration of the heart appeared. No further signs were evident 
when 333.0 y were given over a period of 9.3 minutes. In treating urticaria 
the speed of injection should be such that slight facial flushing and feeling of 
warmth will occur. The second injection, usually of 0.5 mg., is given the follow- 
ing day, and it was surprising to discover the degree of tolerance that could be 
established. A third dose of 0.7 mg. may be given the next day. As a rule, 
urticarial wheals diminish after the first or second dose, and itching becomes 
less. Even when wheals disappear, intravenous treatment should be supple- 
mented by subeutaneous injections. Otherwise symptoms usually reeur within 
a few weeks. 

In the treatment of urticaria with histamine a distinction must be made 
between cases with discrete spontaneous whealing and those with dermato- 
eraphism where wheals appear only at pressure areas. The latter cases do not 
respond to such treatment. The only important supplementary measure is the 
use of theelin in women who develop urticaria at the time of the menopause. 
This hormone given alone in such eases is not as effective as when combined with 
histamine treatment. 


Recently, Horton’? deseribed a type of headache occurring usually in older 
individuals. Symptoms appear particularly at night while recumbent and are 
relieved on standing. The pain is very severe, but lasts only a brief time, ten 
to fifteen minutes. It is always on one side of the head, and is accompanied 
by vasomotor disturbances as flushing and sweating on the side involved. His- 
tamine given subcutaneously will promptly reproduce the syndrome. When 
administered in small daily doses as in urticaria, these patients experience marked 
relief. Histamine therapy has likewise been used for migraine, and although its 
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effect in this disorder has not been encouraging, sufficient cases wherein the 
-drug was given daily have not been reported to evaluate its merit. 

Horton"! also described the successful treatment of Méniére’s syndrome by 
the intravenous injection of histamine. There have been no confirmatory reports. 

The literature on histamine treatment is vast, for it includes not only 
its use in allergic syndromes, but also in various skin manifestations, arthritis, 
gastrointestinal complaints, neuroses, orthopedic conditions, and many other 
disorders. Chronic urticaria and angioneuritic edema, types of ‘‘physical 
allergy,’’ headaches, and Méniére’s syndrome are the only manifestations asso- 
ciated with allergy in which histamine has been used with any measure of 
success. Although this form of therapy offers considerable promise, its evalua- 
tion should be tentative until supported by further confirmatory series of 
cases. 


The mechanism of histamine therapy is far from understood. A significant 
fact is that the conditions in which it is successful differ from asthma, hay 
fever, and atopic eczema in that no extrinsic allergens as pollens, foods, ete., are 
usually identified. This applies to chronic urticaria, which differs from the acute 
form which is frequently traced to allergens as shellfish, strawberries, or drugs. 
Likewise in physical allergy, and in the type of headaches described by Horton, 
which have some resemblance to migraine, specific allergens are not etiologic 
factors. Such eases, as well as a small proportion of those of bronchial 
asthma and vasometor rhinitis in which no external cause can be identified, 
have been classified as ‘‘intrinsic’’ allergy, which implies that the cause of 
symptoms originates within instead of without the body. This is believed to 
be histamine or H-substance, identical or at least similar to that which is released 
on contact between allergen and antibody in eases of extrinsic allergy. The 
simplest demonstration of the ability of cells to release H-substanee without the 
involvement of an immunologic mechanism is seen in the wheal that results 
from stroking the skin of a dermatographie subject. There are doubtless several 
conditions which initiate the release of histamine by the tissues. 

It appears, then, that histamine therapy is of value in certain manifesta- 
tions of intrinsic allergy, and to be effective it must be given, at least in the 
beginning, in daily doses. Why histamine should not alleviate s:mptoms 
caused by extrinsic allergens which involve an immunologic mechanism is not 
understood. The necessity for frequent doses likewise is not clear. This is 
in keeping, however, with certain related facts. One is the demonstration 
by Grant and his associates'’® that onee H-substance is released by cells of the 
skin there is a short refractory period, probably less than forty-eight hours, 
when no further H-substance appears. It is possible that histamine given 
daily may gradually induce such refractoriness. Again, in the treatment 
of certain physical allergies as, for instance, urticaria due to cold, frequent 
exposures to increasingly lowered temperatures by means of baths may 
quickly ameliorate the whealing. Here, too, treatment must be daily to be 
effective, which suggests the maintenance of a refractory period. In these 
eases one may soon arrive at a lowered temperature without production of 
symptoms which before treatment would have caused violent urticaria. This 
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demonstration, together with the fact that doses of histamine, particularly 
when given intravenously, may be increased many fold without symptoms, 
indicates that a tolerance to histamine introduced from without or to H-sub- 
stance elaborated from within undoubtedly may be built up. Tolerance to 
histamine so induced bears a close resemblance to the process of immunization, 
but since neither true antigens nor antibodies are involved, some other mecha- 
nism must be implied. Space will not permit discussion of various possibili- 
ties, none of which have as yet been proved. There is much, however, to 
recommend the participation of histaminase which is produced by certain 
tissues. 
HISTAMINASE 


In 1930 Best and McHenry" prepared extracts from intestinal mucous 
membrane, which when ineubated with histamine caused its disappearance. 
They believed the active agent to be a specific enzyme to which they gave the 
designation ‘‘histaminase.’’ Considerable work has been done on the nature 
of the reaction, which has been found to be an oxidative process and influenced 
by various factors, particularly the pH of the menstruum and the amount of 
available oxygen. In vitro several hours are required for complete inactivation 
of histamine. 

There have been only few observations on the action of histaminase in the 
intact animal. Where experiments are carefully controlled, it appears that 
histaminase will within two or three hours completely inactivate all the cireulat- 
ing histamine in the blood of the rabbit, which contains a large quantity in con- 
trast to that of other animals. Moreover, in one hour, histaminase has been 
found to influence greatly the action of histamine on gastric secretion.’ Recent 
work, as yet unpublished, shows that histaminase under given conditions has 
some inhibiting effect on the production of anaphylactic shock in guinea pigs. 

The first clinical report of the use of histaminase appeared in 1935, and for 
the following three years it had considerable vogue in Germany. It was em- 
ployed in a variety of disorders as ulcerative colitis, gastric and duodenal uleer, 
hepatic cirrhosis, ‘‘articular’’ rheumatism, purpura, acne vulgaris, and several 
allergic manifestations. In most instances the series of cases was small, and 
although some therapeutic success was claimed, the evaluation of results in no 
instance was a critical one. 

Histaminase was distributed in this country by its manufacturer for 
clinical trial in allergic disorders in 1938. Theoretically, there is much to 
recommend it since it has the property of inactivating histamine completely, 
both in man and in the intact animal. Inasmuch as histamine or H-substance 
in man is believed to be the active agent that causes the symptoms of both 
extrinsic and intrinsic allergy, histaminase, if it could be effectively applied 
to the tissues involved, should be the ideal substance to check the allergic 
process. Since its activity is well established and sinee, also, it is virtually 
nontoxie when taken in large amounts, the problems of dosage and absorption 
remain to be worked out. 

Clinical reports over the past two or three years of the effect of 
histaminase in allergic disorders are, with the exception of urticaria, not 
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sufficiently numerous to permit compilation of adequate statistics of combined 
experience. A review of this literature reveals the complete absence of any 
serious study of the determination of dosage, and also the frequent lack of 
careful judgment in the evaluation of results. With few exceptions, cases 
of bronchial asthma, hay fever, vasomotor rhinitis, atopic eezema, and gastro- 


intestinal allergy treated with histaminase have, at best, been questionably 
benefited. 


In contrast to these poor results, there is an impressive experience with 
urticaria. Over 150 cases have been reported, and with the exception of one 
notable series, the percentage of relief has been surprisingly high, despite a 
great variation in dosage. In the evaluation of any treatment of urticaria, 
whether acute or chronic, comment has been made that symptoms often 
disappear spontaneously, as well as from the psychie effect of the administra- 
tion of a new drug. However, until the introduction of therapy with histamine 
and histaminase, treatment of chronic urticaria, in particular, was dis- 
couraging. 

Analysis of reported cases shows that there was a pronounced effect on 
many patients in whom urticaria had existed several weeks or longer. There 
are numerous detailed case histories, as well as compilations from a sufficient 
number of observers, to be substantial. Piness and Miller’® recently reported 
the failure of histaminase in 29 patients with urticaria. An analysis of this 
series shows that their interpretation seems overly severe in that 6 persons 
were admittedly relieved promptly, and many others secured partial relief. 
The authors’ conservatism is based on the question whether these patients 
may not have recovered spontaneously. In contrast to this report, a series of 
17 eases of urticaria, all of which were at least of several weeks’ duration 
and had proved refractory to usual therapeutic measures, were studied by 
Laymon and Cumming.'® Complete relief was secured with histaminase in 
10 patients; and in 2 who had the disease for nine months and several years, re- 
spectively, the degree of improvement in the one of 50 per cent and of 90 per 
cent in the other was recorded. The drug had no value in urticaria factitia 
or atopic dermatitis. 

As with chronie urticaria of unknown etiology, other types of skin edema 
and whealing have been benefited by histaminase. These include angioneurotic 
edema, skin manifestations of physical allergy, the urticaria of serum sick- 
ness and the localized swelling of insulin allergy at the site of injection. With 
all these considered as a group, 161 cases by 14 observers have been assembled. 
Several are single case reports; others are statistical evaluations. Seventy- 
six, or 47.1 per cent, were recorded as having been completely relieved or 
markedly improved; 31, or 19.3 per cent, showed definite improvement; and 
54, or 33.6 per cent, were not benefited. 

From this report it appears that the value of histaminase in the treat- 
ment of allergic disorders is distinetly limited. By far the most frequent 
expressions of allergy are bronchial asthma, hay fever, and vasomotor 
rhinitis, and in these histaminase has seemed to be of very little value. This 
result is in rather marked contrast to the reported experience with its use in 
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urticaria and angioneurotic edema, and it is noteworthy that several observers 
treated various allergic manifestations with histaminase and singled out the 
latter as giving good response. 


A larger number of cases must be studied under controlled conditions be- 
fore any claim for the value of histaminase can be established. Of particular 
necessity is investigation to establish proper dosage. There is much evidence 
to show that earlier preparations of histaminase were unstable. This fact, as 
well as very inadequate dosages, makes earlier reports unreliable. Although 
from the published data there is no established ratio between the degree of 
relief and the amount of histaminase administered, large doses in all probability 
will be found necessary. 

DISCUSSION 


Evaluation of the therapeutic worth of histamine and histaminase in 
allergic disorders must for the present be tentative. From the reported experi- 
ence a rather striking similarity is found between the clinical effectiveness of 
each. Neither appears to be of value in the manifestations of extrinsic allergy 
as asthma and hay fever, where an immunologic mechanism is involved. Both, 
on the other hand, are effective in urticaria, angioneurotie edema, and physical 
allergy, the causes of which are intrinsic in origin. This fact strongly suggests 
that histamine therapy operates through the production of histaminase. That 
intrinsie allergy responds to it and the extrinsic form does not, leads to the 
question whether the H-substance released by the one is qualitatively the same 
as that elaborated on contact between allergen and antibody. (Serum sickiicss 
is extrinsic allergy but of a different mechanism than that of asthma and hay 
fever.) Indeed, the question whether H-substance is really histamine has fre- 
quently been raised, and there are indications that the two are not identical. 
These are problems as yet unanswered which are engaging the attention of 
several investigators. 


CONCLUSION 


In reviewing the effectiveness of histamine and of histaminase therapy 
in various forms of allergy, the results are disappointing, especially in view 
of many enthusiastic claims to the contrary. If, however, present statisties will 
be substantiated, a new form of treatment limited to intrinsic allergy, which 
is by far the more intractable type, may be at hand. This shows sufficient 
promise to warrant further investigation. 
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CAPILLARY FACTORS IN PROCESSES OF DISEASE* 
Vira. H. Moon, M.D., PHiLapeEtputa, PA. 


DVANCES in knowledge of capillary physiology have clarified many obscure 

circulatory phenomena, both normal and pathologic. A brief summary of 

endothelial function and capillary reactions is essential to a comprehension 
of these. 


The chief function of the blood, that of supplying oxygen and other sub- 
stances to the tissue cells, is accomplished by diffusion through the endothelium. 
A mere increase in the arterial blood flow to an organ is not sufficient. The 
metabolic needs of the cells are served only when the blood is spread upon the 
surface of the capillary endothelium. Increased metabolic activity requires an 
increase in the area of this diffusion membrane. The capillary tubes are so 
finely drawn that within them 1 ¢.c. of blood is in contact with from 5,000 to 
7,000 sq. em. of endothelial surface (Krogh'). If one can imagine 16 drops of 
fluid evenly spread upon 4 or 5 sq. feet of surface, he may sense the physiologic 
efficiency with which a minimum volume of blood is spread upon a maximum 
area of the diffusion membrane. The mechanism regulating both the endothelial 
area and the flow of capillary blood is marvelous in its delicate adaptability. 


Each organ and tissue has a supply of capillaries adequate to its maximal 
circulatory needs. During functional activity tissues require twenty to forty 
times more blood than during rest. In resting tissues most of the capillaries 
are contracted and bloodless. Functioning cells consume oxygen and liberate 
products of metabolism. Capillary endothelium is delicately susceptible to lack 
of oxygen. The walls relax and the endothelium becomes more permeable when- 
ever moderate anoxia develops. This relaxation allows an increased flow of arterial 
blood, supplying oxygen and other nutrients. Fresh arterial blood contains a 
hormonal substance, perhaps of pituitary origin, which causes the capillaries 
again to contract. This limits the flow of blood until lack of oxygen and/or the 
accumulation of metabolites again cause relaxation. Thus the local circulatory 
cycle is repeated at a rate commensurate with the functional activity of the cells. 
This self-regulating mechanism, shown in Diagram 1, serves a double purpose: 
it both distributes blood and adjusts the area of diffusion surface—the endo- 
thelial wall—to the local nutritional needs of the cells. In the perfect economy 
of normal cireulation, no excess supply and no unfilled demand exist. The 
supply is adjusted to the demand with delicate accuracy. The reaction of 
capillary endothelium to lack of oxygen and to products of metabolism explains 
both funetional and reactive hyperemia. 

Capillary reactions are of major, importance in the physiologic reaction to 
tissue injury—inflammation. Ebbecke? showed that any kind of mild injury, 
mechanical, thermal, electric, chemical or toxic, caused the cells to release cyto- 


*From the Department of Pathology, Jefferson Medical College, Philadelphia. 
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plasmic substance. This substance affects the adjacent endothelium, causing 
an increase in its permeability and leading to dilatation of the capillaries. Lewis 
and his associates confirmed the observations of Ebbecke. It appears that this 
response, which is entirely independent of innervation, is physiologic. It in- 
itiates the inflammatory reaction which tends toward repair and restoration. 
The vascular dilatation increases the local blood supply and the permeability 
allows the escape of plasma into the tissue spaces resulting in local edema. The 
mechanism by which fibrin is formed locally has been understood for many 
years, but only recently was it shown* that cellular substance is chemotropic 
for leucocytes. These responses explain satisfactorily the mechanism of local 
acute inflammation. 

Abnormal Capillary Reactions—Three instances of hyperemia, functional, 
reactive, and inflammatory, occur by virtue of the sensitivity of endothelium to 
alterations in physiologic conditions. That same quality of sensitivity gives 
origin to abnormal circulatory phenomena. Heidenhain,* some fifty years ago, 
noted that commercial peptone would produce a decline in blood pressure accom- 
panied by an increased flow of lymph when given intravenously to dogs. He 
found that extracts of various marine animals and of normal tissues, as liver, 
panereas, mucosa, muscle, and others, produced the same effects. He noted in 
such experiments that both the volume and the protein content of the lymph 
were increased and that the plasma volume of the blood was decreased—a change 
now designated by the term hemoconcentration. His observation that the maxi- 
mum flow of lymph coincided with the period of minimum blood pressure is 
significant. He stated that concentration of the blood was characteristic of the 
effects of these ‘‘lymphagogues,’’ and attributed those effects to endothelial 
seeretory activity. 

After the lapse of half a century, the full significance of Heidenhain’s ob- 
servations becomes apparent. The theory of endothelial secretory activity was 
not confirmed (Drinker and Field’). The increased flow of lymph, its high 
protein content, the declining blood pressure, the decreased plasma volume, and 
the hemoconcentration result from leakage of plasma through endothelium 
rendered abnormally permeable by the effects of the agents used. Many other 
substances have been shown to produce the effects described. These include 
certain poisons of vegetable origin, diphtheria toxin, tuberculin and other bac- 
terial products, foreign proteins and products of protein cleavage, sepsin, his- 
tamine, bile and cholie salts, venoms, urethane and other drugs, chemicals, and 
poisons. 

The agents mentioned, and many others not listed, have one property in 
common: that of producing relaxation and increased permeability of capillary 
endothelium. If this effect is sufficiently widespread, it causes disturbance of 
the systemic circulation accompanied by a characteristic clinical syndrome and 
by equally characteristic morphologic changes in the viscera. The latter con- 
sist of dilatation and engorgement of capillaries and venules, occasional petechial 
hemorrhages resulting from endothelial dissolution, stasis evidenced by masses 
of closely packed corpuscles in the minute vessels, edema of soft tissues, and 
acute granular degeneration of parenchymatous organs. 
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A circulatory deficiency arises if the effects described are extensive. The 
sequestration of blood in dilated capillaries and venules reduces the effective 
blood volume, while leakage of fluid from the blood into the tissue spaces lowers 
the actual blood volume. This tends to produce a disparity between the volume 
of blood and the volume capacity of the vascular system, the effects of which 
resemble somewhat those resulting from extensive hemorrhage. Much con- 
fusion has resulted from this resemblance. The two conditions may be differ- 
entiated, excepting when they coexist in the same individual, by noting that 
hemoconeentration is present in the former while the opposite change, hemo- 
dilution, develops after hemorrhages. 


NORMAL CAPILLARY REACTION 
Functional 


activity 
of tissues 


Consumption Endothelial : 

of oxygen | Relaxation 

~ | Liberation J Dilatation 
of wastes Permeability 





Contraction — SSS Arterial blood: 
of capillaries | Nutriment 
Bloodless tissue | Oxygen 
State of rest —--—— Hormone (pituitary?) 


Diagram 1.—The sequence of capillary reactions incident to functional activity in the tissues. 


Incipient disparity between the volume of blood and the volume capacity 
of the vascular bed is compensated for a time by physiologic reactions. Im- 
pulses, probably originating in the carotid sinus, activate the sympatho-adrenal 
system. The discharge of adrenalin into the circulation stimulates the myo- 
eardium, mobilizes glucose from the liver, contracts the peripheral arteries, and 
causes the discharge of reserve blood from the spleen and other reservoirs. So 
iong as this compensation is adequate, there is no ominous decline in the arterial 
blood pressure, but the latter is maintained at the expense of volume flow. When 
finally the mechanism of compensation becomes inadequate, the blood pressure 
declines progressively and the circulatory deficiency is manifested clinically. 

Prostration is evident; the patient is profoundly depressed, weak, and rest- 
less. The pulse is rapid, feeble, and of small volume. The extremities are cold 
and the body temperature is low. The face is drawn, ashen or livid in color, 
anxious in expression, and moist with cold sweat. The eyes are sunken and sur- 
rounded by bluish rings, producing the classical ‘‘ Hippocratic facies.’’ Thirst 
is incessant, but attempts to relieve it are ineffective because of vomiting. The 
fluid vomited is often in excess of that swallowed and contains small brown 
flocculi. Perspiration is profuse, and there may be diarrhea. The respirations 
are shallow and interspersed with deep sighs. The blood pressure declines pro- 
gressively. Urination is seanty or suppressed. Consciousness is retained until 
finally there is loss of sensitivity, of responsiveness to stimuli and reflexes. 
Unconsciousness or coma precedes death. 

The clinical syndrome just described is accompanied by an equally char- 
acteristic group of departures from physiologic constants. These are a reduced 
total and effective blood volume; a reduced minute volume cardiac output and 
volume flow of arterial blood; hemoconcentration, increased nonprotein nitro- 
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gen, glucose, and potassium content of the blood; reduced alkaline reserve, 
chloride and oxygen content, and delayed coagulability of the blood. An in- 
creased flow of lymph from the thoracic duct is an early and constant feature. 

Hemoconcentration—This term is used to designate a rapid or sudden 
inerease in the ratio of erythrocytes to plasma per unit volume of blood. It may 
be detected readily by variations in hematocrit readings, in the erythrocytic 
count, the hemoglobin content, or in the specific gravity of the whole blood. 
Variations in the latter occur in a narrower range and hence are less useful as 
a clinical test than variations in the red blood cell or hemoglobin content of 
the blood. 


CORPUSCLES 
CORPUSCLES 
CORPUSCLES 


NORMAL SHOCK HRMORREIAGE 


Diagram 2.—Showing a volumetric comparison of normal blood with that present in 
shock and that resulting from hemorrhage. If normal blood (first column) becomes concen- 
trated 40 per cent, it will have the composition shown in the second column. Seven cubic 
centimeters of such concentrated blood will contain the same volume of corpuscles (third 
column) as 10 cc. of normal blood, 3 ¢c.c. having been lost. In shock with hemoconcentration 
of 40 per cent, the normal blood has lost 30 per cent of its total volume and 50 per cent of 
its plasma volume. The fourth column illustrates the hemodilution which occurs when the 
corpuscles have been reduced by hemorrhages to 40 per cent of the normal. 


Hemoconcentration, shown in Diagram 2, is a highly significant feature in 
the pathologic physiology of shock. Medical literature contains numerous 
allusions to it but, until recently,® there has appeared no analysis of its rela- 
tionship to capillary physiology and to cireulatory failure. A survey of the 
recorded observations indicates that the blood regularly becomes concentrated 
when circulatory failure of capillary origin occurs. This results from loss of 
plasma volume incident to leakage of fluid into the tissue spaces, due to abnormal 
permeability of the endothelium. It is integrally related to the increased flow 
of lymph diseussed in a previous section and to the development of edema con- 
sidered below. It appears that these phenomena occur whenever and however 
the endothelium in an extensive visceral area is damaged. Any type of injury 
to endothelium renders it abnormally permeable to plasma (Landis‘). 

An extensive increase in the permeability of capillaries deranges the mecha- 
nism of water balance and absorption. The mechanism which governs the move- 
ment of fluid between the blood and the tissues depends upon the action of 
several factors, including capillary blood pressure, osmotic pressure, electrolytic 
concentrations, hormonal substances, and others. But the presence of a normal 
semipermeable membrane, the endothelium, is absolutely essential to the action 
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of these forces in preserving a physiologic relationship between intravascular 
and extravascular fluids. So long as the endothelium is able to perform its 
part in the maintenance of fluid balance, no hemoconeentration occurs. A seri- 
ous change in the permeability of the endothelium deranges vitally the mecha- 
nism of both water balance and absorption. 

This derangement is shown clinically by unmistakable signs. The peripheral 
{issues are relaxed, inelastic, and have a doughy consistency which suggests 
dehydration. Vomiting and thirst are incessant, but fluids given by mouth, by 
rectum, or by hypodermoclysis, are not absorbed into the circulation. Underhill 
and others® showed that animals about to die of shock resulting from burns of the 
skin may be injected subcutaneously with lethal doses of strychnine without 
effect. Normal controls, similarly injected, died from the effects of the 
strychnine before the burned animals died of shock. Such observations and 
experiments indicate that the mechanism both of water balance and absorption 
is seriously deranged when capillary atony has developed extensively or when 
this type of circulatory deficiency is present. Loss of fluid by vomiting, diar- 
rhea, and perspiration cannot be replaced normally under such conditions. 
Marked dehydration both of the tissues and of the blood may result from in- 
ability of the endothelium to function as a semipermeable membrane. 


Abnormal permeability of endothelium is an important cause for edema. 
It has been shown® that pulmonary edema may be produced experimentally 
with ease and certainty by injecting any of the numerous agents which have 
the property of increasing endothelial permeability. Edema resulted regularly 
when such agents were given in amount sufficient to affect the circulation but 
not sufficient to cause immediate death. The edema fluid has a high protein 
content, approximating that of plasma, and is found in the visceral soft tissues 
and serous cavities. It is rarely found in peripheral tissues. The mechanism of 
this type of edema is integral with that of shock. It oecurs regularly when 
this condition develops gradually and when death is delayed for several hours. 

Pathologic Physiology of Shock——The type of cireulatory disturbance 
under consideration occurs frequently under diverse clinical conditions, and may 
be produced experimentally by a wide variety of agents. The mechanism by 
which the circulatory function is disturbed has been presented diagrammatically 
in previous articles (see Note at end of paper). This diagram is essential to 
complete the present discussion. 

It is seen that a wide variety of elinical and experimental conditions may 
cause capillary atony and may thereby give rise to cireulatory deficiency of 
capillary origin. I have ineluded under clinical conditions only those with 
which I have had personal experience. These presented the clinical picture of 
shock or cireulatory collapse, and the post-mortem findings were those regularly 
tound after death by shock. Also under experimental conditions, only those 
agents have been listed which we have used experimentally. In each instance 
these agents produced progressive circulatory deficiency accompanied by hemo- 
concentration and by congestive visceral changes which are characteristic of cir- 
culatory failure of capillary origin. Undoubtedly many other conditions, both 
clinical and experimental, should be added to those listed. 
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A highly important feature in the mechanism of shock is the fact that lack 
of oxygen, independent of other conditions, will cause endothelial permeability 
(Krogh, Ebbecke, Lewis, Landis). This fact introduces a self-perpetuating 
quality, causing the mechanism to operate as a vicious circle. Hence the cir- 
culatory deficiency, unless effectively interrupted in its earlier stages, progresses 
and leads to irreversible changes. 

It is evident from Diagram 3 that the same type of circulatory disturbance 
may originate primarily from decreased blood volume, decreased volume flow, 
or from any condition which decreases the supply of oxygen to the tissues below 
physiologic limits. Under these conditions, lack of oxygen leads to capillary 
atony and thereby initiates the operation of the same vicious circle. 


SUMMARY 


It has been shown that capillary endothelium serves indispensable functions 
under normal physiologic conditions. These inelude local capillary hyperemia 
incident to functional activity of tissue cells, inflammatory hyperemia in re- 
sponse to cellular injury, the processes of diffusion and osmosis both in the dis- 
tribution of useful substances and in the elimination of wastes. Not the least 
important function of the endothelial membrane has to do with the mechanism 
of water balance. 

The performance of these functions requires that endothelium be delicately 
sensitive to oxygen tension, to the presence of metabolites and cytoplasmic 
substances. This very sensitivity renders endothelium a highly vulnerable 
structure. Its essential quality of semipermeability and its normal tonus are 
readily affected by diverse agents. These include lack of oxygen, the presence 
of metabolites in abnormal concentration, products of tissue injury and protein 
cleavage, bacterial proteins and toxins, venoms, and various drugs, chemicals, 
and poisons. 

The effects of these and similar agents may cause abnormal permeability 
of a large area of endothelium. This produces a characteristic clinical syndrome 
of cireulatory disturbance, usually called shock or collapse, accompanied by 
an equally characteristic group of physiologic disorders. The visceral changes 
seen at necropsy are those indicative of capillary damage. Hemoconcentration 
is an associated phenomenon which is highly valuable in the recognition of 
this syndrome in its early stages. 

The action of many drugs, chemicals, and poisons is due in part to their 
effects upon endothelium. It appears that pharmacologic and_ toxicologie 
interpretations may need revision to inelude the effects of many agents upon 
eapillary endothelium. 

The self-perpetuating quality of this type of cireulato,y deficiency makes 
early recognition essential to successful management. Hemoconecentration is 
a more useful index than a decline in arterial blood pressure. The former 
occurs early and is detectable during the incipient stages, while the latter 
is a sign that the mechanism of compensation has failed. 

Efforts to combat shock will be directed logically toward the removal 
of the cause, toward the restoration of the lost blood volume and capillary 
tonus, and toward relieving anoxia. 
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Unless the condition that caused the circulatory deficiency is relieved, 


any efforts to restore circulatory efficiency will be useless. Transfusions of 
plasma or serum are more suitable than whole blood, because they relieve the 
hemoconcentration by supplying the same type of fluid which was lost. There 
is physiologic evidence that one function of the adrenal cortical hormone is the 
maintenance of endothelial tonus. Hence the use of cortical extract during 
the incipient stages of shock is logical. Recent reports of its use in experimental 
and in clinical shock indicate beneficial effects. The inhalation of oxygen may 
retard the progress of the circulatory deficiency, since anoxia supplies the 
self-perpetuating quality in the mechanism of shock. 


Note.—Much of the subject matter here presented is condensed from previous publi- 
cations. Readers desiring further details and bibliography are referred to Shock and Re- 
lated Capillary Phenomena, New York, 1938, Oxford University Press; Occurrence and 
Clinical Significance of Hemoconcentration, Ann. Int. Med. 13: 451-475, 1939; Circulatory 
Failure of Capillary Origin, J. A. M. A. 114: 1312-1318, 1940. 


REFERENCES 


. Krogh, A.: Anatomy and Physiology of the Capillaries, ed. 2, New Haven, 1929, Yale 
University Press. 
2. Ebbecke, U.: Die lokale vasomotorische Reaktion der Haut und der inneren Organen, 
Arch. f. d. ges. Physiol. 169: 1, 1917. 
Ueber Gewebsreizung und Gefissreaktion, Ibid. 199: 197, 1923. 
Capillarerweiterung, Urticaria und Schock, Klin. Wehnschr. 2: 1725, 1923. 
3. Silverman, D.: A Chemotropic Substance Derived From Normal Tissues, Arch. Path. 
25: 40, 1938. 
. Heidenhain, R.: Versuche und Fragen zur Lehre der Lymphbildung, Arch. f. d. ges. 
Physiol. 49: 209, 1891. 
5. Drinker, Cecil K., and Field, M. E.: Lymphatics, Lymph and Tissue Fluid, Baltimore, 
1933, Williams & Wilkins. 
3. Moon, V. H.: The Occurrence and Clinical Significance of Hemoconcentration, Ann. 
Int. Med. 13: 451, 1939. 
. Landis, E. M.: Capillary Pressure and Capillary Permeability, Physiol. Rev. 14: 404, 1934. 
. Underhill, F. P., Carrington, G. L., Kapsinow, Robert, and Pack, G. T.: Blood Con- 
centration Changes in Extensive Superficial Burns and Their Significance for 
Systemic Treatment, Arch. Int. Med. 32: 351, 1923. 
9. Moon, Virgil H., and Morgan, D. R.: Experimental Pulmonary Edema, Arch. Path. 
24: 642, 1936. 
. Lewis, T.: Blood Vessels of the Human Skin and Their Responses, London, 1927, Shaw 
& Sons. 





POSSIBLE SIGNIFICANCE OF THE INHIBITORY EFFECT OF FEVER 
ON ANAPHYLACTIC PHENOMENA* 
‘‘Fever is a mighty engine which Nature brings 
into the world for the conquest of her enemies.’’ 
—Sydenham (1624-1689) 


PAUL DE Kruir, Pu.D., HOLLAND, MicH., AND WALTER M. Simpson, M.D.,t 
DayTON, OHIO 


HEN Dr. Warren T. Vaughan, Editor of this JouRNAL, invited us to pre- 

pare a paper for the special issue commemorating the twenty-fifth an- 
niversary of its founding by his father, our beloved teacher, Dr. Victor Clarence 
Vaughan, it occurred to us that we should select a subject in which our interest 
was first aroused by his researches and teachings. This subject is anaphylaxis. 
Our interest in this field was revived and augmented by certain observations 
made in the course of studies on artificial fever therapy during the past nine 
years. 


We have, in general, concentrated our fever studies upon those diseases in 
which investigation had already shown fever—intereurrent, or by inoculation, 


or by physical means—to have a favorable effect. In our experience these are 
syphilis, gonococcie infections, chorea, and other manifestations of the rheu- 
matie state, brucellosis, and certain forms of infectious arthritis. Despite the 
wide variety and disparity of known or alleged etiologic agents, and the ab- 
sence of any uniformity in the manifestations of these diseases, it is now gen- 
erally admitted that fever has a beneficial influence on all of them. Many 
theories have been advanced in an attempt to explain these favorable effects of 
high body temperatures. Most observers admit, however, that the therapeutic 
effect of fever rests on an entirely empirical basis. 

A generation ago most physicians regarded fever as an alarming manifesta- 
tion of disease. Antipyretic drugs were widely employed. The past ten years 
have witnessed a revolution in the concept of the role of fever. It is now known 
that it is one of Nature’s most important weapons of defense. The failure to dis- 
cover a rational explanation of the defensive action of fever is unfortunate. The 
acceptance of its beneficial effects has been inhibited by their mystery. . Knowl- 
edge of the mechanism by which fever acts would not only hasten its wider 
acceptance as a therapeutic agency, but would also promote further researches 
toward possible wider therapeutic applications. 

There is no doubt that the dangers and the uncertainty of control of fever 
in the past have maintained the empiricism from which the use of fever has not 
yet been freed. Medical literature is replete with citations of the beneficial in- 
fluence of intercurrent infections accompanied by sustained high fever on such 


*From the Kettering Institute for Medical Research, Miami Valley Hospital, Dayton. 


With the collaboration of Fred K. Kislig, M.D. (deceased), H. Worley Kendell, M.D., 
Donald L. Rose, M.D., R. Gottschall, Ph.D., and Charles F, Kettering, Sc.D., D. Eng. 
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diseases as chorea, asthma, paresis, and gonorrhea. But it was not until the 
development of safe and controllable physical methods of producing fever 
artificially that a scientific tool became available to study the effects of high 
body temperatures per se. Now the first step toward penetrating beneath 
empiricism could be taken since the toxie effects of invading organisms present 
in intercurrent infections were absent. : 


I, CLINICAL OBSERVATIONS ON THE EFFECT OF HIGH BODY TEMPERATURES ON 
CERTAIN SENSITIZATION PHENOMENA 


(a) Arsenic Sensitization in Therapy of Syphilis—During the first three 
years (1931-1934) of our experimental studies on the treatment of syphilis by 
combined artificial fever and chemotherapy,’ we became gradually aware of the 
fact that there was an absence of the anticipated proportion of sensitization 
reactions to arsenical compounds. In time we were forced to the conclusion 
that fever in some way suppresses such arsenic sensitiveness, and we began to 
experiment with injections of arsenical compounds during artificial fever into 
syphilitic patients known to be extremely sensitive to arsenic. 

Such a trial appeared to be justified in a young man with primary syphilis 
who developed severe generalized exfoliative dermatitis following the second 
injection of neoarsphenamine, ten days after the appearance of a penile 
chanere.* Because of this patient’s marked idiosyncrasy to arsenic, no chemo- 
therapy was combined with the first four fever treatments. The exfoliative 
lesions disappeared after the third fever treatment. Before the fifth fever 
treatment was given, the patient was tested with 1/1,000 Gm. of neoarsphen- 
amine. Two days later exfoliation again developed. At the beginning of the 
fifth fever treatment, when the rectal temperature reached 105° F. (40.6° C.), 
a similar quantity (1/1,000 Gm.) of neoarsphenamine was injected intravenously. 
This injection was not followed by exfoliative dermatitis. 

During succeeding fever sessions 0.1 Gm. injections of bismarsen were 
given when the rectal temperature reached 105° F. (40.6° C.). Dermatitis 
did not develop. Because of this patient’s extreme sensitiveness to arsenic, 
when it was given without the protection of fever, the usual follow-up course 
of chemotherapy alone was omitted. 

Despite the small total quantity of arsenic given in combination with 
artificial fever, this patient’s blood and spinal fluid reactions, strongly positive 
before fever therapy was instituted, were reversed to negative, and have re- 
mained so for four years. Since 1935 it has become our routine practice to 
treat all patients, referred to us because their arsenic sensitiveness rendered 
them untreatable by orthodox chemotherapy, with full adult doses of arsenicals 
under the protection of artificial fever. 

Encouraged by these observations on the protective function of fever in 
suppressing arsenical reactions, we were led to initiate experimental studies 
designed to shorten greatly the treatment time of early syphilis. Preliminary 
observations appear to justify the hope that by combining large doses of arsenic 
and bismuth with one or two long fever sessions, it may be possible to reduce 
the minimum treatment time from eighteen months to one or two days. 

(b) Artificial Fever Therapy of Chorea and Other Manifestations of the 
Rheumatic State-—From 1930 to 1935, in a field apparently far removed from 





DE KRUIF-SIMPSON: EFFECT OF FEVER ON ANAPHYLACTIC PHENOMENA 127 


that of arsenic sensitivity, many workers were making empirical observa- 
tions on the effect of fever upon a human disease condition of which the mecha- 
nism is allergic, or, more specifically, anaphylactic. This is the rheumatic 
state. ; 

It is generally agreed that the outlook for patients suffering from Syden- 
ham’s chorea has improved remarkably during the past ten years. The ex- 
perience of many workers with various forms of fever therapy, first introduced 
by Sutton and Dodge® in 1930, indicates that it may be possible not only to 
abolish the distressing choreatic symptoms, but also to influence favorably 
other more specifically rheumatic manifestations. We do not here maintain 
that chorea is invariably the result of rheumatic activity, yet it is generally 
so regarded when it is accompanied by migratory polyarthritis, and especially 
by carditis. 

All these rheumatic exacerbations are favorably influenced to a greater 
or less extent by fever. There is no longer doubt that the common denominator 
of the variety of antirheumatic agencies—such as triple-typhoid vaccine, sterile 
milk injections, inoculation with relapsing fever—is the production of sustained 
high body temperatures. Today the various fever-producing inoculations have 
largely given way to the safer and more accurately controllable artificial fever 
by physical means. 

The notable clinical improvement in rheumatic carditis observed by a 
number of workers’' is confirmed by marked trends toward normal of heart 
function, as revealed by accompanying electrocardiographic, roentgenographiec, 
and cardiovascular functional studies. Furthermore, it has been reported 
by Dunn and Simmons? that the high erythrocyte sedimentation rates, so char- 
acteristic of rheumatic activity and of subclinical rheumatic smoldering, are 
reduced toward normal by artificial fever treatment. These observers be- 
lieve, from the clinical improvement in carditis and the return toward normal 
of the laboratory findings (white blood cell counts and erythrocyte sedimenta- 
tion rates), that most rheumatic patients terminate their active disease more 
rapidly when treated with artificial fever than when treated with bed rest and 
large doses of salicylates. They feel that by shortening the period of the rheu- 
matie eardiae exacerbations they are able to minimize the accumulating cardiac 
damage to rheumatic sufferers. 

These findings, confirmed by our own experience,'’? suggest a link between 
the effect of high body temperatures upon arsenic sensitivity on the one hand, 
and upon the rheumatic state on the other. For the observations of many 
workers, beginning with Weintraud™ and culminating with the brilliant re- 
searches of Coburn during the past ten years, indicate that rheumatism is 
essentially an anaphylactic condition. During this ten-year period the work of 
Coburn has brought an enormous number of facts to the support of his original 
view" that certain ‘‘effective’’ strains of the hemolytic streptococcus are causal 
agents of rheumatic fever, but operate in a different manner, in a pathogenetic 
sense, from any microbie agents so far known. 

As happily and succinctly put by Collis,“ a great deal of evidence has now 
accumulated to support the theory that rheumatic disease is caused by an antigen- 
antibody reaction occurring in certain people born with the rheumatic diathesis 
or in those who acquire it. 
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If the various rheumatic insults are, then, expressions of what may be 
termed ‘‘micro-anaphylactic shocks’’ in mesodermal tissues, is it not possible 
that the hitherto empirical observations of the favorable effect of high body 
temperatures upon the various rheumatic exacerbations (chorea, migrating 
polyarthritis, carditis) may have a rational explanation ? 

In sum, is it not conceivable that body temperatures, raised to a certain level 
and maintained there, may not in some way disrupt or nullify the noxious 
antigen-antibody reaction responsible for rheumatic damage ? 

(ec) Effect of Artificial Fever on Intrinsic Intractable Asthma and Other 
Allergic States——The age-old observation that the advent of an intercurrent 
febrile disease, such as searlet fever, erysipelas, or pneumonia, often resulted in 
temporary remission or improvement of chronic intractable asthma led Fein- 
berg and his associates'® to treat with artificial fever a group of 42 patients with 
intrinsic, intractable asthma. All had failed to respond to accepted modern 
therapy. Of 35 patients, the result of whose treatment could be ascertained, 
51 per cent had complete remission, varying from several days to nine and one- 
half months, while an additional 39 per cent were appreciably improved. 
Similarly, favorable responses have been reported by Sheldon,’ Metz,™ 
3ennett,’? Brodribb,'® Cook,'® and ourselves. 

There is also suggestive evidence that artificial fever therapy exerts a 
favorable influence upon certain patients suffering from seasonal hay fever, 
chronic urticaria, and chronie eezema.'® 7° 
Il. INHIBITION OF CLASSICAL ANAPHYLACTIC SHOCK IN GUINEA PIGS 

BY HIGH BODY TEMPERATURES 


By 1936 it had become clear to us that it might be possible to integrate 
these widely disparate and seattered observations of the inhibitory effect of 
fever upon the phenomena of arsenic sensitivity, rheumatism, allergic asthma, 
hay fever, and eczema. In short, if these various disease phenomena are in 


essence anaphylactic, and if they are more or less controlled and suppressed by 
fever, then the induction of suitably high temperatures in sensitized experimental 
animals should inhibit anaphylactic shock phenomena that would otherwise 
certainly result when the specific antigen was introduced in an effective concen- 
tration into their veins. 

We laid plans for this crucial integrating experiment in 1936, but pressure 
of other work delayed putting these plans into experimental action. Meanwhile, 
Goldman,”' of the University of Cincinnati (one of the 29 institutions collaborat- 
ing with the Kettering Institute for Medical Research in our fever therapy re- 
search project), published observations on the inhibitory effect of high body 
temperatures in still another field remote from those already mentioned. He 
demonstrated an inhibitory effect of very high fever (108° to 112° F.; 42.2° to 
44.4° ©.) upon experimental sensitization of guinea pigs to turpentine. 

In the diseussion of Goldman’s paper (read before the Second Annual Meet- 
ing of the Society for Investigative Dermatology at St. Louis, Mo., May 16, 
1939) I. Arthur Mirsky, together with P. Wassermann, who were associated with 
Goldman in his fever-turpentine studies, reported their attempt to find some 
definite mechanism in explanation of his observations. These workers found 
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that a series of guinea pigs, sensitized to horse serum, and subsequently fevered 
to temperatures of 109°-110° F. (42.8° to 43° C.), failed to respond with anaphy- 
lactic shock when injected intracardially with doses of horse serum that called 
out typical anaphylactic shock in nonfevered, sensitized control guinea pigs. 
These experiments appeared to vindicate our hypothesis that high body tem- 
peratures do indeed suppress the classical anaphylactic shock of guinea pigs. 

During the past year, in collaboration with R. Gottsehall and C. C. Young 
at Michigan State Health Department Laboratories, Lansing, we have been 
able to launch a detailed experimental analysis of our hypothesis. In the first 
place, we were concerned with the extremely high temperatures employed by 
Goldman, Mirsky, and Wassermann. Such temperatures are not compatible 
with life in man. Furthermore, clinical observations on suppression of anaphy- 
lactic phenomena by fever were based upon temperature ranges which were 
administered with safety and relative comfort to human beings. 

Only by using such temperatures in our experiments on the possible: in- 
hibiting action of fever upon classical anaphylaxis, would this crucial animal 
experiment have significance in integrating the hitherto empirical observations 
on the favorable influence of fever upon several unrelated human disease condi- 
tions. 

Preliminary observations, accumulated during our experimental studies now 
being conducted at Lansing, Mich., leave little doubt that suppression of 
anaphylactic shock in guinea pigs does oceur in the temperature ranges ordi- 
narily employed in fever therapy of human beings. 

In these experiments diligent efforts are being made to eliminate error 
by the use of guinea pigs of pure genetic strain, and by employment of instru- 
ments of precision in recording temperatures. The details of these studies will 
be made the subject of a later communication. 
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SUMMARY AND CONCLUSIONS 





1. The lack of any rational explanation for the favorable influence of fever 
upon several unrelated disease states stimulated us to search for some basic 
underlying mechanism for the therapeutic action of fever. 

2. The common denominator in the favorable effect of fever in such clinically 
different conditions as sensitiveness to arsenic, chorea, and other manifestations 
of the rheumatie state, and asthma and other allergic phenomena, appears to be 
the inhibition of anaphylaxis. 

3. It is suggested that the phenomenon of inhibition of classical anaphylaxis 
in the guinea pig by body temperatures at levels safely employed in fever therapy 
of human beings may provide a crucial experimental explanation of these 
hitherto empirical therapeutic effects. 
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DEVELOPMENT OF NEW ORGANIC CHEMICALS FOR 
_: THERAPEUTIC USE 


F. F. Buickr, Pu.D., ANN ArsBor, MIcH. 


COMPARISON of the various substances used as medicaments about 

1500 B.c., as disclosed in the Eber’s papyrus, with those mentioned in three 
editions of the Londén Pharmacopoeia, which appeared during the years 1618 
and 1766, reveals the fact that practically no progress was made in the field of 
therapeutic agents for over three thousand years. In contrast to this era of 
stagnation, the discoveries made during the last fifty years are truly astonishing. 

It is difficult -to conceive of any development which has been of greater 
benefit to the human race than that. which has taken place in synthetic drugs, 
and it should not be forgotten that this progress could never have been made 
without the growth and vast accumulation of data in sciences such as chemistry, 
physies, bacteriology, and biology. 

It seems impossible to devise a rigid, sharply defined classification of 
synthetic, organic therapeutic agents. Probably the most satisfactory arrange- 
ment is one in which the various medicaments are grouped in accordance with 
their medicinal use. Each major group may then be divided into subgroups on 
the basis of some characteristic feature in their chemical structure. It will be 
noticed that the greatest variations in structure are to be found in substances 
which possess similar therapeutic properties and that compounds of analogous 
structure sometimes exhibit very different types of physiologic activity. 

General Anesthetics—Ether was used first in surgery in 1842 and chloro- 
form was introduced five years later. Seventy-six years passed before another 
anesthetic of practical value was discovered, although during this time constant 
improvement was made in the method of administration of the two drugs. In 
1923 ethylene was adopted, followed by avertin (8, 8, B-trichloroethyl alcohol), 
cyclopropane, and vinethene (divinyl oxide). These newer anesthetics possess 
certain undeniable advantages, but the fact that some of them, especially 
ethylene and cyclopropane, form very explosive mixtures with oxygen limits 
their use. 

Lecal Anesthetics—It was discovered, soon after its introduction ‘in 1905, 
that procaine (novoecain) can be used as a cocaine substitute most effectively 
and advantageously for infiltration anesthesia. However, for surface anesthesia 
it proved to be greatly inferior to the plant drug. To some extent this dis- 
advantage has been overcome by the synthesis of products which, although 
of the procaine type, differ somewhat from the latter substance in structure; 
some of these are much better surface. anestheties than procaine. 

So far, all attempts to obtain a local anesthetic which will produce con- 
striction of the capillaries, and thus make the concomitant use of a vasocon- 
strictor unnecessary, have been unsuccessful. 
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Other local anesthetics which should be mentioned are psicaine, psicaine- 
new, nupereaine, diothane, apothesine, and phenacaine. 

Although their low water-insolubility makes them unsuitable for injection, 
compounds such as anesthesin, butesin, and orthoform are of considerable value 
for topical application. 

Hypnotics.—Most of the hypnotics which are widely used at the present 
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Because of the variety of hypnotics which can now be obtained, the physi- 
cian has available drugs which are so mild in their effect that they may be 
classed more properly as sedatives; hypnotics which act very rapidly and others 
with delayed action; drugs which act over a short or a long period of time; 
and, finally, soluble products which, after intravenous injection, produce relaxa- 
tion and narcosis sufficient for major surgery. 

Antispasmodics.—During the last ten years more than five hundred com- 
pounds have been synthesized and examined pharmacologically in the hope that 
a product might be found which would be more effective than the naturally 
occurring antispasmodies atropine and papaverine. The following compounds 
have appeared on the market: novatropine, syntropan, trasentin, dolantin, 
eupaverin, perparin, new-paverin, octin, sestron and eyverine hydrochloride; 
those introduced most recently are eyverine hydrochloride and dolantin. The 
first four conipounds resemble atropine to the extent that they are basic esters ; 
the others, like papaverine, are amines. In general, the activity of the synthetic 
antispasmodics has been most pronounced in cases of spasms in the gastroin- 
testinal tract. The antispasmodic is still to be discovered which will relieve 
spasms of both musculotropie and neurotropic character in all types of smooth 
musculature. 

Compounds Which Stimulate Cell Proliferation—The fact that maggots 
(Lucilia sericata) can be employed effectively to remove necrotic tissue and 
prevent bacterial putrefaction is well known. In earlier times the comfrey 
root was used to promote healing of wounds. Some years ago it was found 
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that allantoin, which stimulates the growth of epithelial tissue, is present in 
maggot excretions as well as in the comfrey plant. 

A number of compounds which differ greatly from one another in chemical 
structure have been found to act similarly to allantoin, for example, thiocresol, 
thioglycerol, urea, and certain azo dyes. The manner in which these compounds 
promote tissue growth is not known definitely but an important factor in their 
beneficial effect seems to be the solvent action on necrotic debris which some 
of them exhibit. 

Pressor Agents.—The prevailing tendency to prepare and substitute syn- 
thetic drugs for those obtained from natural sourees is illustrated again in the 
case of pressor agents which are listed below. All of the products may be re- 
garded as derivatives of B-phenylethylamine. 


DERIVATIVES OF B-PI {TENYLETHYLAMINE 
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I Benzedrine VII Synephrin 

II Propadrine VIII Neosynephrin 

III Ephedrine IX Epinine 

IV_ Ephetonal X Epinephrine (Adrenaline) * 
V Tyramine XI Cobefrin (Corbasil) 

VI Paredrine XII Kephrin 


*These naturally occurring drugs can all be manufactured by synthetic processes, and 
tyramine is obtained entirely in this manner. Whether market supplies of epinephrine and 
ephedrine are synthesized or extracted from natural products depends upon the current rela- 
tive costs of the two processes, 

Because of all the factors involved—stability of the drug in aqueous solu- 
tion, effectiveness when administered orally, degree to which blood pressure 
is affected, compatibility with local anesthetics, volatility and individual idio- 
synerasy—a wide selection of pressor agents would seem advantageous. 

Diagnostic Agents—Like so many other discoveries which have originated 
from purely academic research, that of phenolphthalein, made in 1880, has 
proved to be of considerable significance to medicine. Its importance as an 
indicator was recognized almost at once, but it was not until about twenty years 
later that its valuable laxative property was discovered. After another twenty 
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years had passed, it was found that a sulfur analog, phenolsulfonephthalein, 
is eliminated completely from a healthy individual, after intramuscular or 
intravenous injection, in a remarkably short time; delayed elimination is an 
indication of kidney dysfunction. Halogen derivatives of phenolphthalein— 
chloro, bromo, and iodo—are used for such purposes as roentgenologic examina- 
tion of the gall bladder and as a test of liver function. Fluorescein, closely re- 
lated to phenolphthalein in chemical structure, finds application as a diagnostic 
agent in ophthalmology. 











Several iodated pyridine compounds are available for intravenous pyelog- 





raphy. 

Since the use of the synthetic products discussed above has made explora- 
tory surgical operations unnecessary in many instances, they represent dis- 
coveries which have been of very decided advantage to both the physician and 
the patient. 

Diuretics and Lazxatives—During the search for antisyphilities among 
organic derivatives of mercury, it was discovered that certain representatives 
of this group are strong diuretics. Several of these mereury diuretics have 
already been used for a number of years. Merbaphen (novasurol) and salyrgan 
(mersalyl) are administered intravenously, and mercurin is administered 
rectally. 















Laxatives which represent a single synthetic product of definitely estab- 
lished structure are very few in number. In addition to phenolphthalein, the 
oldest and best known member of this group, there is istizin (1, 8-dihydroxyan- 
thraquinone) and isacen, an oxindole derivative. 

Vasodilators——Two outstanding effects produced by choline are a lowering 
of blood pressure and the promotion of gastric and intestinal peristalsis. It 
has been found that the activity of the compound is increased to a very great 
degree if certain structural changes are made in the molecule. Modifications 4] 
of choline which have been found to be valuable drugs for a variety of condi- 
tions are acetyleholine chloride, acetyl-B-methyleholine chloride, doryl, and 
prostigmin. 

Analgesics —Although antipyrine, one of the oldest synthetic drugs, and 
aminopyrine (pyramidon) are very useful analgesics and antipyretics, they 
often fail to afford relief from severe pain. Consequently, the physician is still 
dependent on morphine and certain of its derivatives, the objectionable features 
of which are too well known to require mention. It seems very probable that 
if the carefully planned research program of a group of investigators in this 
country, begun about ten years ago, is continued, a satisfactory synthetic 
morphine substitute, free from such properties as tolerance and addiction, will 
be discovered. 

The introduction of the synthetic product, dilaudid, indicates that some 
progress has already been made. 

Stimulants for Circulation and Respiration.—There have been very interest- 
ing developments in the search for synthetic compounds which would be not 
only more reliable but which would lack the undesirable properties of naturally 
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occurring drugs such as strychnine, camphor, caffeine, epinephrine, and digitalis. 
Among the synthetic representatives in this group are nikethamide (coramine), 
homocamfin (cyclosal), metrazol (cardiazol), and neospiran. 

Germicides.—One of the many difficulties encountered by the investigator 
searching for more active germicides is the lack of a quantitative method of 
evaluation by means of which their effectiveness can be determined under 
clinical conditions. Products which laboratory tests have shown to be of merit 
often fail to prove satisfactory when they are applied in medical practice. 

The ‘‘universal germicide’’ seems to be as far from attainment as the 
philosopher’s stone, and we have practically no knowledge with regard to the 
mechanism of germicidal activity. However, a definite advance has been made 
by the recognition that all germicides tend to be specific in their activity and 
that their ability to kill or retard the growth of microorganisms is dependent 
on a certain environment. To a considerable extent successful prophylaxis 
or treatment of an infection must depend upon the proper selection of a 
germicide and a recognition of the various factors involved in its use. 

Organometallic compounds which contain mereury continue to find 
favor as bacteriostatic agents. Proprietary drugs of this type include mer- 
curochrome, metaphen, meroxyl, mereurophen, merthiolate, sulfomerthiolate, 
merpheny! nitrate, and mereresin. Any opinion which may have been held 
that such products must be complex in structure in order to be effective has 


been disproved by the discovery of the activity of such simple compounds. s 


basic phenylmereurie nitrate and 2-hydroxyphenylmereurie chloride. 

A number of other organie derivatives of mereury find use as anti- 
syphilities and diuretics. 

Azochloramid is a product which belongs to the chloramine group, and 
zephiran is the first example of an organic germicide of the ammonium type. 

Although it has been known for a long time that the phenol coefficient is 
increased to a great degree by the introduction of halogen or an alkyl group 
into a phenolic substance, many years passed before practical use was made of 
phenols which contained both halogen and alkyl radicals, for example, chloro- 
thymol and a wide variety of other chloroalkylphenols. 

The discovery that mandelic acid and sulfanilamide are effective germicides 
in the urinary tract is of great significance. 


CHEMOTHERAPEUTIC AGENTS 


Anthelmintics.—Sinee its introduction in 1921, carbon tetrachloride has 
been used to treat many millions of human beings for hookworm. In some 
respects tetrachloroethylene seems to be a better drug. Later, the use of hexyl- 
resorcinol was advocated and has been given extensive trial. Gentian violet 
medicinal, suggested for pinworms in 1938, has been used with considerable 
suecess. No effective chemotherapeutic agent is known for trichinosis or 
filariasis. 

Trypanocides.—Three drugs of outstanding merit in the treatment of 
trypanosomiasis are tryparsamide, orsanine, and germanin (Bayer-205). 
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The complex urea derivative, germanin, introduced about 1920, produces 
most beneficial effects in African sleeping sickness. It is an example not only of 
a very brilliant achievement in the field of synthetic drugs, but also of one of the 
most baffling problems relative to the relationship between chemical structure 
and therapeutic activity. It is impossible to understand just how the presence 
of a methyl group can affect in any profound manner the physical, chemical, 
or pharmacologic properties of a molecule as large as that of germanin 
(C;,H,,0.,N,5,Na,). Nevertheless, the removal of one of the two methyl 
radicals present in this substance or a shift in its position renders the product 
almost inactive. 

Spirocheticides—More than eight thousand organic derivatives of arsenic 
have been prepared but only about twelve of these have found extensive applica- 
tion as medicaments. To the short list of widely used spirocheticides—arsphen- 
amine (salvarsan), neoarsphenamine, sulfarsphenamine, and silver arsphen- 
amine—there has been added, recently, mapharsen. Although this latter sub- 
stance was known many years ago as ‘‘arsenoxide,’’ its valuable therapeutic 
properties were not established until 1934. 

The massive dose arsenotherapy of syphilis by the intravenous drip method, 
which has been introduced quite recently, has aroused great interest. 

Antimalarial Compounds.—In spite of numerous investigations made in 
the hope that more effective drugs might be discovered, the quinoline compound 
plasmoehin and the acridine derivative atabrin still remain the most valuable 
adjuvants to quinine in the treatment of malaria. Progress in this field is made 
especially difficult due to the fact that all known medicaments exhibit a selective 
action, that is, their effectiveness varies enormously, depending upon the species, 
strain, and phase of the parasite. 

Drugs for Acute Bacterial Infections —The efficacy of sulfanilamide, in- 
troduced in 1936, in infections due to streptococci, meningococci, and gonococei 
has been definitely established. In spite of the unparalleled success of this drug, 
thousands of other sulfur-containing products have been prepared and tested in 
the hope that new substances would be discovered which would lack its many 
undesirable by- and after-effects and by means of which the range of therapeutic 
usefulness could be extended. At present there seems to be little doubt about 
the value of sulfapyridine (M. and B. 693, Dagenan) in the treatment of 
pneumococcal infections ; sulfathiazole seems to be of definite value for staphylo- 
coccal infections. 

The forerunners of sulfanilamide, the red dye prontosil and the soluble dye 
prontosil soluble (neoprontosil), still find application. 

Two arsenicals used extensively for the treatment of amoebiasis are car- 
barsone and acetarsone (stovarsol), while the antimony compound stibosan is 
employed to combat visceral leishmaniasis. 

The elucidation of the structures of many vitamins and hormones and the 
discovery of processes by means of which they can be prepared in the laboratory, 
have opened a new field for synthetic work. In some instances, study of these 
structures has supplied clues which have enabled the chemist to prepare active 
products which are much simpler in structure than the naturally occurring 
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substances. It seems not improbable that in the future some of these synthetic 
products will find favor as therapeutic agents because of such factors as the rela- 
tive ease with which they can be manufactured, greater stability, and certain 
unique properties not possessed by the natural vitamins and hormones. Possi- 
bilities in this direction are illustrated by compounds such as diethylstilbestrol, 
diiodothyronine, and certain analogs of vitamin K,. 

Of necessity, the selection of drugs discussed in this article is arbitrary. 
The mention of a product is not intended to imply recommendation nor does 
its omission denote lack of therapeutic merit. 
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THE SEROLOGY OF SYPHILIS* 
REUBEN L. Kaun, Sc.D., ANN ARBor, MICH. 


I. INTRODUCTION 


HE serology of syphilis has a number of anomalies. It is interrelated with 

the immunology of syphilis, but it is also interrelated with biologic changes 
in the absence of syphilis. Serologic tests may employ spirochetal antigens, but 
they actually employ extracts of normal tissue as antigens. Serologic tests in 
infections other than syphilis are limited in the degree of sensitivity by the 
respective infections, as, for example, the agglutination test in typhoid fever, 
but serologic tests in syphilis may be so improvised as to show a degree of 
sensitivity not at all limited by this disease. Serologic tests in infections other 
than syphilis generally consist of but few technical diagnostic procedures, while 
the number of technical procedures of serodiagnostic tests for syphilis is legion. 
In addition, syphilis may be manifested by many clinical signs and symptoms 
occurring in other diseases or by no clinical signs and symptoms, a situation 
which often makes the serologic test the deciding factor in establishing the 
diagnosis. 

The many varied aspects of the serology of syphilis and the importance of 
serologic tests in diagnosis make it understandable why we have evaluation 
committees and serologic surveys; why one iaberatory employs one test and an- 
other perhaps five; why one believes that test A is better than test B and an- 
other, that test B is better than A; why the serology of syphilis, approaching 
forty years of existence, is still in as controversial a stage as it ever has been. 

Yet, the serology of syphilis is beginning to enter a highly promising 
era. Evidence is accumulating that positive serologic reactions are divisible 
into two distinct types which ean be differentiated in the laboratory: one type 
being a manifestation of syphilis and the other, unrelated to this disease. Per- 
haps in this differentiation lies the promise of making serologic tests true 
diagnostic agents in syphilis. 


II. SEROLOGY IN RELATION TO IMMUNOLOGY OF SYPHILIS 


Becoming Inoculated With the Treponema pallidum (Spirocheta pallida).— 
It is well known that when man becomes inoculated with the 7. pallidum he 
shows no signs or symptoms for a considerable period, extending from several 
weeks to several months. This situation is what might be expected. Man 
lacks immunity to the 7. pallidum. To lack immunity to microorganisms is to 
lack the capability of localizing or fixing the microorganisms in the area in the 
skin or mucous membrane where they gain entry and of preventing them from 
invading the blood stream. Absence of this localizing capacity means absence 


*From the Clinical Laboratories, University Hospital, University of Michigan. 
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of a local inflammatory reaction. Also, the entry of microorganisms into the 
blood stream is apparently not disturbing to a nonimmune host. The result is 
that the invaded host is not cognizant of the infection. 


In the case of the spirochetes of syphilis, the likelihood is that the non- 
specific localizing capability of the skin and mucous membrane for these micro- 
organisms plays some role in the establishment of the infection. If the 
spirochetes are few in number and of low virulence, and this localizing capability 
is sufficient to hold them fixed in the area of entry, they may ultimately be 
destroyed locally. In most instances, while there may be some nonspecific local- 
ization of the spirochetes in the area of entry, this localization is undoubtedly 
insufficient to prevent them from finding their way into the blood stream. The 
localization in all probability leads to the formation of a disseminating focus 
of the spirochetes, a focus from which fresh microorganisms may enter the blood 
stream and replace those which are unable to survive in this medium. Dis- 
seminating foci are undoubtedly established also in the adjoining lymph glands. 
Thus do the spirochetes establish a strong foothold in the body. 

As the spirochetes and their antigenic constituents come in contact with the 
tissue cells, they gradually bring about immune changes in them. Theoretically, 
we might expect to note the appearance of antibodies in about ten days or two 
weeks after the spirochetes gain entry into the body. These are the periods 
in which antibodies begin to be noted after the injection of an antigenic agent 
into an animal. In syphilis, however, the continued presence of the spirochetes 
in the blood stream may tend to delay antibody production. Generally, anti- 
body production begins at a rapid rate as soon as the antigenic agent begins 
to disappear from the blood stream. Then again, antibodies produced at a time 
when the antigenic agent circulates in the blood stream may result in anti- 
body-antigen union in vivo, thus reducing the detectable number of antibodies. 

The Primary Lesion—A Manifestation of a Certain Degree of Immunity.— 
Absence of detectable antibodies in the blood stream does not of course mean 
absence of immunity. The first visible sign of the beginning of the develop- 
ment of immunity in syphilis is the primary lesion. This lesion is a localized 
one and, in the relationship between a host and microorganisms, a host must 
possess some specific immunity to keep a lesion produced by the microorganisms 
localized. Furthermore, in experiments with rabbits carried out in this labora- 
tory in which protein antigens were employed,” it was possible to produce spon- 
taneous ulcerative lesions in the skin, simulating the primary lesions of syphilis 
in human beings, only when the animals possessed a given degree of immunity. 

These experiments can be carried out with relative ease. Rabbits are im- 
munized to horse serum by weekly injections of, let us say, 0.1 ¢.c. per kilogram 
of body weight, administered by any route. A week after the fifth or sixth im- 
munizing dose, the rabbits are injected intracutaneously with varying amounts 
of horse serum. These are so graduated as to cause local inflammatory reactions 
of varying intensity, as well as reactions so mild as to be invisible. To illus- 
trate: 0.1 ¢.c. of undiluted serum and of 1:10, 1:100, 1:1,000, 1:10,000 and 
1:100,000 dilutions of serum with salt solution are injected intracutaneously. 
Twenty-four hours later it may be found that the areas in which the undiluted 
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serum and the 1:10 and 1:100 dilutions had been injected show local inflam- 
matory reactions of varying intensity, while the areas in which the 1:1,000, 
1:10,000 and 1:100,000 dilutions had been injected appear normal. 

The rabbits are now injected intravenously with a relative excess of horse 
serum, such as 20 cc. or more. Soon after the intravenous injection it will be 
noted that the local skin areas in which the 0.1 ¢.e. quantities of the varying 
dilutions of horse serum had been introduced, show a distinct change. The 
three areas in which the undifuted serum and the 1:10 and 1:100 dilutions of 
the serum had been introduced and which show varying degrees of inflammation, 
first become purplish black, then black, especially in the centers of the inflamma- 
tory areas. The two areas in which the 1:1,000 and 1:10,000 dilutions of serum 
had been introduced and which showed no‘signs of inflammation, now also 
appear purplish black or black. The last area in which a 1:100,000 dilution of 
the serum had been introduced shows no change. Should the intravenous in- 
jections be repeated daily, the black areas will undergo visible tissue destruction. 
and ulcer formation. 


The degree of tissue necrotic flare-ups in preformed specific inflammatory 
areas in immunized animals, following the intravenous injection of antigen, 
varies with different rabbits. Some show marked tissue necrotic changes and 
some mild changes under the same experimental conditions. 

In a broad sense, it may be said that tissue necrotic changes in a preformed 
specific inflammatory area, or in an area in which antigen had been injected 


in so small an amount as not to call forth visible inflammation, are dependent 
upon: (a) the degree of immunity of the host, (b) the amount of antigen 
introduced in the area, and (ec) the concentration of the antigen in the blood 
stream. Similarly, it is believed that the formation of the primary lesion in 
syphilis (interpreted as a tissue necrotic change in a preformed invisible 
inflammatory area) is dependent upon the same three conditions. If any of 
these conditions do not conform to quan.itative requirements, it is believed 
that chanere formation will not take place. 

Serologic Reactions During Primary Stage.—The fact that antibodies are 
not detected by means of serodiagnostic tests at the time of the appearance of 
the chanere is of interest. In the case vf the protein-immunized rabbits con- 
sidered, a high precipitin titer was shown by them previous to the intravenous 
injection. Immediately following this injection, the precipitin titer became 
negative, indicating the disappearance of the antibodies from the circulation. 
At the time when the rabbits began to show the necrotic lesions within the 
preformed inflammatory areas, the titer was still either negative or very low. 
This relative absence of antibodies is believed to be due to antigen-antibody 
union in vivo. 

It is likely that the absence of antibodies during the early primary stage is 
also due to antigen-antibody union in vivo. The appearance of the chancre is 
dependent upon a relatively high concentration of spirochetal antigen in the 
blood stream. In the presence of a high concentration of antigen, any antibodies 
that might be present might combine with the antigen in vivo, thus leading to 
seronegative reactions. 
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The intensity of the serologic reaction in primary syphilis may thus be 
dependent upon the relationship between the quantities of spirochetal antigen 
and of antibody present in the blood stream. In the early primary stage, 
the quantity of antigen probably exceeds the quantity of antibody in the blood 
stream, while in the later primary stage, the quantity of antibody undoubtedly 
exceeds the quantity of antigen. In the later stage, one notes definite evidence 
of immunity of the host against the spirochetes. The primary ulcer had 
teemed with spirochetes only a short while previously. Now spirochetes are 
difficult to find and the ulcer is undergoing spontaneous healing. This fact 
must mean that the host is developing substances destructive to the spirochetes ; 
that it is gaining the upper hand, so to speak, over these microorganisms. 
Hence, an increase in the antibody titer at this time is to be expected. 


It was stated that one of the requirements for the formation of the 
primary lesion is the presence of spirochetal antigen in sufficient concentration 
in the blood stream. The question may arise as to what is the relationship be- 
tween the presence of antigen in the blood stream and the change to tissue 
necrosis in a preformed specific inflammatory lesion. The probability is that 
the circulating antigen is attracted to the inflammatory lesion. The basis of 
this attraction is not fully understood. It is known that a circulating dye 
tends to accumulate in a nonspecific inflammatory lesion.* The likelihood is 
that circulating antigen will accumulate in a specific inflammatory lesion to a 
far greater extent than a dye. Inflammatory tissue probably possesses marked 
anchoring or localizing powers for specific antigen. If this view is accepted, 
then circulating spirochetes would be drawn to the focus of their entry which, 
although invisible to the naked eye, must be inflammatory. As the spirochetes 
accumulate in this focus the mild inflammatory reaction changes to a tissue 
necrotic reaction. This change is based on a principle in immunity emphasized 
elsewhere ;? namely, when free antigen accumulates in a specific inflammatory 
area, this area undergoes tissue necrosis. Free antigen seems to interfere 
with the inflammatory process, the blood vessels apparently become filled 
with thrombi, and with the cutting off of the blood supply, death of tissue 
is the natural sequel. 

Serologic Reactions During Secondary Stage.—Turning to the secondary 
stage of syphilis, the relationship between the serology and immunology of 
this stage is also of interest. Serologic reactions are almost invariably positive 
during this stage. The reason for this, in our opinion, lies in the role of the 
skin and mucous membranes in immunity. It was shown in our laboratory‘ that 
an outstanding feature of the response of the tissues in immunity is the fact 
that the skin possesses a far greater attractive force for specific antigen 
than do other tissues. In the case of rabbits immunized with protein antigens, 
it was found that the skin possesses an anchoring or localizing power for the 
antigen from ten to fifteen times greater than that possessed by some of the 
other tissues, such as skeletal muscle. Unpublished experiments carried out 
by Stellwagen® in our hospital indicate that the surface mucous membranes 
also possess this high localizing power for antigen. It is, therefore, likely 
that, as the immunity of the host approaches a given height at the beginning 
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of the secondary stage, the immunity of the skin and mucous membranes 
becomes highly intensified. The cutaneous tissue thus possessing a par- 
ticularly marked attractive force for the spirochetes at this time, it might be 
expected that, as these microorganisms circulate in the blood stream, they are 
localized in large numbers in this tissue. This localization would in turn 
cause many spirochetes to be withdrawn from the circulation—a step which 
would result in an inerease in the antibody titer and in positive serologic 
reactions. 

_ Serologic Reactions During Other Stages of Syphilis—In a broad sense, 
there are three situations in syphilis in which serologic reactions might be nega- 
tive: (a) when antibodies are not yet formed, (b) when there is an excess 
of spirochetal antigen in the circulation, and (ec) when spirochetal activity has 
hecome so quiescent as not to stimulate antibody production. 

Little need be said about negative serologic reactions during the inecuba- 
tion period in syphilis before the formation of antibodies. All infections have 
a similar seronegative period. Negative serologic reactions resulting from an 
exeess of spirochetes or spirochetal antigen in the circulation are in all proba- 
bility not uncommon in syphilis. Such reactions during the early primary stage, 
already considered, are assumed to be due to an excess of circulating spirochetal 
antigen. These reactions are common in precocious malignant syphilis in which 
the host is literally overwhelmed with spirochetes. Indeed, it can be stated as a 
prineiple in immunity that antibody production is disturbed when a host is over- 
whelmed with an antigenic agent. 

Negative reactions may also occur in marked syphilitic flare-ups when 
large quantities of spirochetal antigen are suddenly thrown into circulation. 
A syphilitic flare-up generally tends to stimulate antibody production, but the 
presence of spirochetal antigen in the circulation may lead to antigen-antibody 
union in vivo. When, therefore, the amount of antigen in the circulation 
is excessive, the antibodies may temporarily disappear from the circulation, 
undoubtedly due to antigen-antibody union. 

Negative serologic reactions during spirochetal quiescence are also what 
might be expected. Antibody production depends on the antigenic stimulus 
of the body cells. As the antigenic stimulus is removed, the production of 
antibodies ceases. Antibodies will continue to circulate in the blood stream for 
days or weeks after their production has ceased. Sooner or later, however, 
serologic reactions are bound to become negative as a result of spirochetal 
quiescence. 

Now and then a patient may give negative serologic reactions in the 
presence of old syphilitic lesions. This situation may be met with when 
spirochetal activity and destruction of tissue had occurred some time previ- 
ously. To illustrate: A patient has an aortic aneurysm of syphilitie origin. 
The processes which led to the formation of the aneurysm may be arbitrarily 
divided into two steps: (1) an attack of syphilitic aortitis, during which the 
elastie tissue within the inflammatory area of the aortic wall was destroyed 
and replaced by fibrous tissue, and (2) the slow and steady expansion of the 
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fibrous area into a tumorlike mass. It is clear that while the spirochetes had 
. been active during the first step of aneurysm formation, they- are not neces- 
sarily active during the second step. Inactivity, in turn, means little or no 
liberation of spirochetal antigen and, hence, little or no stimulus to antibody 
production. The same statement applies to a perforated nasal septum and 
to other old destructive processes of syphilitic origin. 

One also encounters in syphilis, especially during therapy, fluctuating 
serologic reactions. A serum may be positive on a given day and but weakly 
pesitive or doubtful several days later or vice versa. Such results are naturally 
annoying to physicians. The fact, however, is that neither negative reacting 
sera nor strongly positive sera show a tendency toward marked fluctuations. 
Only sera giving borderline positive results may show this tendency, which 
might be due to the colloidal-chemical nature of the serologic tests employed. 
An outstanding feature of colloidal-chemical methods is that small variations 
in technique often lead to apparently marked changes in the results. 

It is undoubtedly because serologic tests are based on colloidal surface 
reactions that we are faced with such large numbers of tests. The differences 
between the various precipitation tests are very much like the differences in 
the formula for baking a chocolate cake. The ingredients are very much the 
same, but the methods of mixing them are extremely important if one wants a 
really good cake. The same applies to the differences between the various 
complement fixation tests. 


Since it is best that human ingenuity be stimulated rather than dis- 
turbed, it is just as well to be faced with the problem of increasing numbers 


99 


of ‘‘new’’ serologic tests. Perhaps some day the perfect test will make its ap- 
pearance. Even then, the problem of its performance by imperfect human hands 
will still remain. 

In summarizing, we have seen that serology is intimately bound up with 
the immunology of syphilis; that serologic reactions in syphilis behave essen- 
tially like serologic reactions in other infectious diseases; that the same laws 
which govern serologic reactions in immunity apparently govern serologic reac- 
tions in syphilis; that all indications are that serologic reactions in syphilis are 
specific immune reactions. 


III, SEROLOGY IN RELATION TO NONSYPHILITIC CONDITIONS 


The serology of syphilis in relation to nonsyphilitiec conditions presents < 
picture quite different from that just considered. One finds that serology is not 
merely a part of the immunology of a given infectious disease and serologic 
reactions are not necessarily associated with syphilis. Serology becomes a part 
of a biologic phenomenon not at all limited to infection and serologic reactions 
appear under multiple conditions in human beings and lower animals in the 
absence of syphilis. Let us consider these nonsyphilitie serologic reactions. 

Ultramicroscopic Reaction Between Nonsyphilitic Sera and Tissue Extract 
Antigen.—Ultramicroseopie precipitation studies carried out in this laboratory® 
showed that the type of antibody responsible for positive serologic reactions in 





KAHN: SEROLOGY OF SYPHILIS 145 


syphilis is widely distributed among human beings in the absence of syphilis. 
According to these studies, of a given number of sera giving negative 
serologic reactions, approximately one-third will show some precipitation with 
extract antigen when examined with the ultramicroscope. Table I gives the 
precipitation results obtained with 50 nonsyphilitie sera. It is evident that 
17 of the sera showed a definite tendency toward precipitation with extract 
antigen. In this experiment the precipitation property of nonsyphilitie sera 
becomes evident only under conditions of high magnification. In the follow- 
ing experiment this precipitation property becomes evident without magnifica- 


tion. 
TABLE I 


SIZE OF AGGREGATES FORMED WHEN STANDARD ANTIGEN SUSPENSION (KAHN) IS MIXED WITH 
SERA FROM NONSYPHILITIC AND SYPHILITIC PERSONS AND EXAMINED 
ULTRAMICROSCOPICALLY 








CROSS-SECTIONAL AREA OF AGGREGATES IN 
NUMBER OF SQUARE MICRONS 
SERA RESULTS READ 
AFTER 1 HOUR AFTER 6 HOURS 





Nonsyphilitie 
11 


0 0 
13 0 10- 20 
9 0- 10 20- 100 
7 10- 50 100- 350 
5 50- 250 350- 500 
5 250- 500 500- 1,500 





Syphilitic 

2 250- 500 500- 600 
9 250- 500 600- 1,500 
24 500- 3,000 1,500- 4,000 
12 “  500- 3,000 4,000-10,000 
3 3,000-10,000 10,000-25,000 





Precipitation Property of Nonsyphilitic Sera With Highly Sensitive Anti- 
gens.—In the course of routine standardization of antigen in this laboratory 
during the past decade, antigens have been encountered many times more sensi- 
tive than standard Kahn antigen. Thus, in the University Hospital where 
serologic examinations are made routinely on all admissions, the number of 
positive reactions ranges between 3 and 4 per cent. With the especially sensitive 
antigens, however, the number of positive reactions in the same cases may 
exceed 30 per cent (Tables II and III). 


TABLE II 


SENSITIVITY OF STANDARD KAHN ANTIGEN COMPARED WITH THAT OF AN EXCESSIVELY 
SENSITIVE ANTIGEN* 


Observed in routine standardization of antigen at the Serological Laboratory of the Uni- 
versity of Michigan Hospital. 








STANDARD KAHN EXCESSIVELY SENSITIVE 


NUMBER OF SERA 
ANTIGEN ANTIGEN 





Positive Positive 
Doubtful Positive 
Negative Positive © 
Negative Doubtful 
Negative Negative 


*Standard antigen lot 18; excessively sensitive antigen lot CN. 
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TABLE III 


SEROLOGIC RESULTS GIVEN BY AN EXCESSIVELY SENSITIVE ANTIGEN COMPARED WITH THOSE 
GIVEN BY THE KAHN STANDARD AND PRESUMPTIVE ANTIGENS 


Sera (504) taken from general run of hospital admissions. 








ANTIGEN POSITIVE DOUBTFUL NEGATIVE 


Standard 15 3 486 
Presumptive 20 2 482 
Excessively sensitive 137 84 283 








Serologic Reactions of Nonsyphilitic Sera From Patients With Leprosy 
and Malaria.—That serologic tests give positive reactions with the sera of 
patients with leprosy and malaria in the absence of syphilis is well known. Yet, 
it seemed worth while to summarize the serologic results obtained in these two 
diseases with thirteen different complement fixation and precipitation tests.’ It 
is evident from Table IV that leprosy patients give from 42 to 76 per cent 
positive serologic reactions and malaria patients, from 8 to 19 per cent positive 
reactions with different tests. 


TABLE IV 


FALSE PosITIVES REPORTED BY 13 DIFFERENT SEROLOGISTS ON BLOOD SPECIMENS FROM PRE- 
SUMABLY NONSYPHILITIC PATIENTS WITH LEPROSY AND MALARIA 


(From Supp. No. 1, Ven. Dis. Infor. Washington, D. C., 1935.) 








LEPROSY—50 CASES MALARIA—36 CASES 


PERCENTAGE OF FALSE PERCENTAGE OF FALSE 
POSITIVES POSITIVES 


Brem* 44 14.3 
Eagle 72 12.1 
Hinton 40 a bs 
Johns 58 11.4 
Kahn 60 11.4 
Kline 66 14.3 
Kolmer* 64 19.4 
Kurtzt 76 16.7 
Lufkin and Rytz 70 11.1 
Reint 68 19.4 
Ruediger* 62 20.6 
Weiss 52 8.6 
Williams* 42 17.4 











*Performed modification of complement fixation tests. All others performed flocculation 
tests. 


+Performed Kahn presumptive tests. 
tPerformed Kline exclusion tests. 


Nonsyphilitic Conditions in Which Positive Serologic Reactions May Be 
Obtained.—It is generally assumed, based on textbook reports, that false posi- 
tive reactions may be obtained only in isolated pathologie conditions (in 
addition to leprosy and malaria), such as in infectious mononucleosis and in 
malignaney. A study of the reports of the serologic evaluation studies since 
1928 reveals, however, that false positives may be obtained in many pathologic 
conditions and also now and then under apparently normal conditions. The 
reports of the League of Nations Health Organization of the Copenhagen 
(1928)® and Montevideo (1930)°® serologic conferences list among the conditions 
in which false positives have been obtained: acute bronchitis, psoriasis, acne, 
cerebral hemorrhage, dementia praecox, epilepsy, senile cachexia, measles, 






























KAHN: SEROLOGY OF SYPHILIS 147 


headache, and many others. It might be added that the pathologie condi- 
tions in which false positives were obtained in the American Evaluation study 
of 1934-19357 inelude, aside from leprosy and malaria, tuberculosis, malignant 
neoplastic disease, acute febrile diseases, and jaundice. [alse positives oc- 
curred also in pregnancy, during menstruation, and in other apparently normal 
conditions. 

Positive Serologic Reactions in Lower Animals in the Absence of Syphilis.— 
it is well known that many of the lower animals give positive serologic reactions. 
[ft does not matter what particular method one employs, whether a complement 
fixation or a precipitation test, the reactions with the sera of horses, cows, pigs, 
chickens, and other animals are positive in most instances. Table V illustrates 
the relative frequency of positive serologic reactions given by lower animals. 
Table VI shows that lower animals may give positive reactions of relatively 
high quantitative titers. 

TABLE V 


POSITIVE KAHN REACTIONS IN NORMAL ANIMALS 











NUMBER OF BLOOD POSITIVE NEGATIVE 
SERA TESTED REACTIONS REACTIONS 


Rabbit 29 21 8 


ANIMAL 

















Horse 2 19 2 
Hog 42 42 0 
Sheep 10 10 0 
Cow 7 7 0 
Calf 4 0 4 
Dog 9 1 8 
Chicken 54 32 2 








TABLE VI 


QUANTITATIVE KAHN REACTIONS IN NORMAL ANIMALS 













NUMBER OF BLOOD SERA 
TESTED 


Rabbit 6 4 


ANIMAL SEROLOGIC TITER 
















5 20- 40 

Sheep a 20- 40 
os il 80 
og 10 40- 80 
10 120-200 

Cow 6 40- 80 
1 160 





Are Serologic Reactions With Spirochetal Antigens More Specifié Than 
With Tissue Extract Antigens?—Beck,’ in a recent comparative study of 
spirochetal and tissue extract antigens in complement fixation tests, found the 
{wo antigens of similar specificity. In 496 nonsyphilitie sera, he reported 1.6 
per cent doubtful or positive reactions with a spirochetal antigen and 1.2 per 
cent with a tissue extract antigen. More recently, Eagle and Hogan" and 
Krickson and Eagle’? have also made comparative studies of the two types of 
antigens and their results are definitely in favor of the spirochetal antigen 
(Reiter strain). Out of a group of 540 hospital cases which gave negative 
flocculation and complement fixation (Eagle) reactions, 17 gave reactions with 
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spirochetal antigen. Of these, 14 were accompanied by a history of syphilis, 
and only three were probably nonspecific. 

These investigators also consider the nature of the antigen and antibody in 
the serologic tests with tissue extract and spirochetal antigens. According to 
Beck, the spirochetes contain a specific antigen and an ‘‘ubiquitous lipoid sub- 
stanee,’’ evidently common in mammalian tissue. Syphilitic serum contains 
two different antibodies: one reacting with the specific antigen in the 
spirochetes and the other with the lipoid antigen. Beck demonstrated by means 
of absorption tests three corresponding antibodies for three serologically dif- 
ferent types of spirochetes (Reiter, Kroo, and Noguchi). Eagle and his asso- 
ciates find that the absorption of syphilitic serum with spirochetal suspensions 
renders the serum serologically negative to both spirochetal and tissue extract 
antigens. On the other hand, the absorption of syphilitic serum with tissue 
extract renders the serum serologically negative to tissue extract antigen but 
not to spirochetal antigen. These authors conclude that spirochetal cultures 
(Reiter) contain antigenic material serologically related to a substance present 
in mammalian tissue, as well as other antigenic factors not present in such 
tissue. To quote Erickson and Eagle: ‘‘Since suspensions of cultured 
spirochetes contain antigenic factors which react specifically with syphilitic 
serum, some of which are not present in ordinary Wassermann and flocculation 
antigens, they may prove even more valuable than tissue extracts in the sero- 
diagnosis of syphilis.’”’ 

Returning to the question of specificity of spirochetal antigens, one might 
expect that the use of such antigens would lead to results:very nearly com- 
pletely specific for syphilis. For example, in the absence of syphilis in leprosy 
and in malaria, the results with such antigens should be negative. Yet, a sero- 
logie study of leprosy by means of the complement fixation test with spirochetal 
antigen by Cappelli,!® indicates that the use of this antigen does not assure ab- 
solute specificity. Of 23 nonsyphilitie leprosy patients studied, Cappelli re- 
ported 18 one-plus or two-plus reactions on the first reading, and 5 one-plus 
reactions on the second reading. It is thus evident that nonsyphilitie leprosy 
patients give at least weak or moderate complement fixation reactions with 
spirochetal antigen. 

In the case of complement fixation tests with spirochetal antigen in 
malaria, in the absence of syphilis, Eagle'* has pointed out that the results, so 
far as specificity is concerned, are similar to those given by complement fixa- 
tion and flocculation tests with tissue extract antigens. It is difficult to ex- 
plain why serologic tests with spirochetal antigen should give false positive 
reactions in malaria. Perhaps it is the ‘‘ubiquitous lipoid substance’’ of Beck 
present in the bodies of the spirochetes that is responsible for the positive reac- 
tions both in malaria and leprosy. Eagle also claims that spirochetal suspensions 
contain antigenic material ‘‘related to a substance present in mammalian 


tissue.’’ Thus one must conclude that, based on present studies, spirochetal 


antigens, although apparently somewhat more sensitive than tissue extract 
antigens used in diagnostic tests, are no more specific than these antigens. 
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Why False Positives?—The positive serologic reactions in syphilis are not 
difficult to explain. We have already seen that in all probability they are inti- 
mately related with immunity in syphilis. If we accept the point of view that 
tissue extracts have something in common with the antigenic structure of the 
spirochetes, the immune nature of serologic reactions becomes further under- 
standable. However, none of these views throws light on the basis of serologic 
reactions in the absence of syphilis. If we would meet with false positives only 
in malaria and leprosy, the problem would not seem so complex. But such 
reactions are met with in any type of pathologie condition and in the ap- 
parent absence of such condition. In addition, many of the lower animals give 
false reactions. 

Elsewhere’ I have stated it is conceivable that the basis for these sero- 
logie reactions (in lower animals) is the likelihood that the animals are 
carriers of nonpathogenic spirochetes. Man, for example, is known to give 
low titer agglutinin reactions to typhoid bacilli without regard to typhoid in- 
feetion or vaccine immunization. The explanation is that the colon and 
typhoid bacilli possess certain antigenic constituents in common, and man, 
being a earrier of colon bacilli, possesses some natural antibodies against 
typhoid bacilli. On the same basis it might be assumed that lower animals 
possess natural antibodies against spirochetes. 


























However, even if there is some basis of fact in this explanation of positive 
reactions in animals, it apparently is not applicable to false positives given 
by man. For these positives generally correspond to some pathologie disturb- 
ance. A patient with jaundice, for example, might give a positive reaction, 
but on recovery, this reaction generally becomes negative. 

There is still another aspect with regard to false positives; namely, the 
type of test employed. Recognizing that traces of reagin commonly occur in 
sera of human beings, it is understandable why the sensitivity of a test is so 
interrelated with its specificity. Thus, when employing a dependable diag- 
nostie test, sera containing minute amounts of antibody -are likely to give 
reactions that are either negative or so close to the negative level as to be 
reported negative. If the sensitivity of a test. is increased beyond proper 
limits, traces of antibody may be sufficient to give definitely positive reactions. 
Henee, highly sensitive methods are likely to give comparatively large num- 
bers of false positives. | 

It should be stated that we have not been concerned here with technical 
errors in the performance of serologic tests leading to false positives. Our 
concern has been the so-called biologie false positives and, to our knowledge, 
there is no acceptable explanation for their existence. 


To summarize, experimental evidence is presented that the type of re- 
action which occurs in the serology of syphilis is not limited by this disease. 
By means of ultramicroseopie studies and by the use of excessively sensitive 
antigens, it ean be shown that relatively large numbers of nonsyphilitie in- 
dividuals may give positive reactions. It is also well known that nonsyphilitie 
individuals with various pathologie conditions may give positive reactions 
with routine diagnostic tests. The same tests also give positive reactions 
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with the sera of different animals in the absence of syphilis. It is thus evident 
‘ that serologic reactions in the absence of syphilis are not isolated and unique, 
but they represent a distinct and widespread biologic phenomenon. 


IV. DIFFERENTIATION BETWEEN SEROLOGIC REACTIONS IN SYPHILIS AND IN THE 
ABSENCE OF SYPHILIS 


Assuming that it were possible to distinguish serologic reactions occurring 
in syphilis from those occurring in the absence of this disease, serology would 
be placed on a new scientific foundation. The serology in syphilis and in the 
absence of syphilis would then become distinct from one another. The serology 
in syphilis would assume new specificity, hence, new dependability; and the 
serology in the absence of syphilis would lend itself to special studies as to its 
raison d’étre. These were the thoughts that for many years kept studies on the 
detection of false positives alive in this laboratory, but only recently did these 
studies begin to show promise. 

Strange as it may seem, the basis for the detection of false positives lies 
within the very serologic procedures in common use. The factor which differ- 
entiates true from false positives is the temperature at which these serologic 
procedures are carried out. 

It is well known that the temperature at which serologic tests are per- 
formed markedly affects the final results. In the case of the standard Kahn test 
which is performed at room temperature, it has been observed again and again 
that high room temperature and low room temperature do not lead to the same 
results. Generally, temperatures considerably above 21° C. lead to increased 
sensitivity, and temperatures considerably below 21° C. lead to decreased sensi- 
tivity. But these observations apparently apply only to syphilitic sera. 

Studies of the effect of temperature on the Kahn reaction with animal sera 
were found to present a different picture. These sera tend to give more marked 
precipitation at temperatures below 21° C. than at temperatures above 21° C. 

This difference in the response to temperature by seropositive syphilitic 
and animal sera formed the basis of studies which led to the development of a 
procedure for the detection of false positive reactions in man. This procedure 
consists in performing the standard Kahn test at 37° and 1° C., respectively. 
The technique is described elsewhere.’® Herewith, we shall limit ourselves to 
brief considerations of several observations brought to light by this differential 
temperature procedure. 

Observation 1. Serologically positive sera of lower animals react more 
strongly at 1° than at 37° C. Serologically positive sera from horses, cows, 
pigs, rabbits, and other animals, when examined with the standard Kahn test, 
carried out at 37° and 1° C., respectively, give stronger precipitation reactions 
at 1° than at 37° C. The types of reactions obtained at these two temperatures 
depend on the serologic potency of the sera. Some sera are moderately positive 
in the cold and negative at 37° C.; some are strongly positive in the cold and 
negative or moderately positive at 37° C.; those which are so potent as to be 
strongly positive at both temperatures can be rendered positive in the cold and 
negative at 37° C. at given dilutions of the serum with salt solution. 
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Observation 2. Serologically negative sera of lower animals are either nega- 
tive at 37° and at 1° C., or are negative at 37° and positive at 1° C. The 
tendency of animal sera to give precipitation reactions in the cold is not limited 
to those sera which are positive with a serodiagnostic test. The same tendency 
is noted also with sera which are negative with a serodiagnostic test. When such 
sera are serologically examined at 37° and 1° C., approximately one-half will 
be found to give positive precipitation reactions at 1° and negative reactions 
at 37° C.; the remainder are negative at both temperatures. 


Observation 3. Serologically positive syphilitic sera react more strongly 
at 37° than at 1° C. When syphilitic sera giving positive reactions with a sero- 
diagnostic test are examined serologically at 37° and 1° C., precipitation will be 
found to be marked at 37° and weak or negative at 1° C. In the ease of 
syphilitic sera having a high serologic titer, the reactions at 37° and 1° C. may 
be similarly positive. If such sera are first diluted with salt solution to a 
degree that they give weakly positive reactions with a diagnostic test, and are 
then examined at the differential temperatures, precipitation will be marked at 
37° and weak or negative at 1° C. As will be seen below, the behavior of 
syphilitic sera at the differential temperatures is not as consistent as the behavior 
of animal sera at these temperatures. 


Observation 4. Some serologically negative syphilitic sera are positive at 
37° and negative at 1° C. When serologically negative sera from treated cases 
of syphilis are examined at 37° and 1° C., some will be found to give a positive 
precipitation reaction at 37° and no reaction at 1° C. Now and then a sero- 
logically negative serum will show similarly weak precipitation at both of the 
differential temperatures. 

Observation 5. Serologically positive nonsyphilitic sera react more strongly 
at 1° than at 37° C. (a) Malarial Sera. An opportunity was afforded us to 
study the serologic behavior of malarial sera at the differential temperatures. 
The study was undertaken by Dr. L. E. Burney of the United States Public 
Health Service and Dr. J. R. S. Mays, Assistant Physician of the Milledge- 
ville State Hospital, Milledgeville, Ga. Various syphilis-free patients in this 
hospital were treated by inoculation with malaria, and the serologic reactions 
were studied before, during, and after the malarial paroxysms. A number of 
these patients gave positive serologic reactions with diagnostic tests. When 
testing the serologically positive sera of these patients at the differential tem- 
peratures, they showed stronger precipitation reactions at 1° than at 37° C. 


(b) Leprosy Sera. Some serologically positive leprosy sera show stronger 
reactions at 37° than at 1° C., and others show stronger reactions at 1° than 
at 37° C. It is likely that the former sera are from patients who have syphilis 
in addition to leprosy, and the latter are from patients who have only leprosy. 
In view of the fact, however, that it is extremely difficult to differentiate 
clinically syphilis from leprosy in many instances, the interpretation of these 
serologic findings at the differential temperatures must be held in abeyance. . 


(ec) Miscellaneous Sera. Serologically positive sera in which the reactions 
are believed to be false are frequently being received in this laboratory for 
examination from all over the United States. Many of these sera show strong 
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precipitation at 1° and negative precipitation at 37° C., and when the clinical 
histories of these cases are sent to this laboratory, all indications point to the 
absence of syphilis. Occasionally, this type of precipitation is obtained with a 
serum from a febrile patient giving a positive reaction with a serodiagnostic 
tesi during the febrile period, but a negative reaction when the fever subsides. 
Recently a specimen of blood from a 17-year-old boy was examined at the differ- 
ential temperatures. The boy won a scholarship in one of our leading institutions 
of learning and was clinically free from any suggestion of syphilis. The finding 
of a stronger precipitation at 1° than at 37° C. with this boy’s serum led us to 
report a nonsyphilitic type of reaction. 

Observation 6. Serologically negative nonsyphilitic sera are either negative 
at 37° and at 1° C., or are negative at 37° and positive at 1° C. Serologically 
negative nonsyphilitie sera might be expected to be negative also at 37° and 
1° C. Actually, many of these sera give precipitation reactions at 1° C. The 
number of these reactions in the cold depends on the source of the sera. In the 
ease of normal persons these reactions may not exceed 2 per cent. In hospital 
eases they may reach 4 per cent or higher. In leprosy and malaria these 
reactions in the cold have been found to reach as high as 50 per cent. Table 
VII summarizes Observations 1 to 6 in outline form. 


TABLE VII 


RESULTS GIVEN BY THE DIFFERENTIAL TEMPERATURE TECHNIQUE (VERIFICATION TEST) 
WitH VARIOUS SERA 








SERUM wecctsctenscnstned PRECIPITATION RESULTS: 
SERODIAGNOSTIC 
vintnante TEST 37° c. a 
Tube Tube Tube Tube Tube Tube 
2 3 1 2 3 
Serologically positive sera of nonsyphilitic lower animals 
Positive = = - ++4t++ F+4+4++ +¢4++4++ 
Positive - at +++ + 4+4+4++ +444 
Doubtful = - ++ - 4 pate 
Serologically negative sera of nonsyphilitic lower animals 





Negative - = = = = - 
Negative 3 =: = a es et 
Negative - - - = 4: Lhe 
Serologically positive sera of syphilitic human beings 
Positive t+4+4+ +4+44++ 4F¢4++4+ a ‘a i: 
Positive Se) Aa Pat = oa 
Doubtful - a ee ae zs = + 
Serologically negative sera of syphilitic human beings 
Negative - - - - - - 
Negative ~ ++ +444 - - - 
Negative = + 44 = = - 
Serologically positive sera of nonsyphilitic human beings 
Positive - - - +444 ¢44++ +444 
Positive - ++ $44 + +4+4++ 4444 
Doubtful ~ + +4 ~ ++ 4444 
Serologically negative sera of nonsyphilitic human beings 
Negative - ~ ~ - ~ - 
Negative - - ~ Peet  +tt44- fees 
Negative 3 - - - + +44 





Observation 7. Exceptions. The foregoing observations indicate that 


positive serologic reactions given by serodiagnostie tests are divisible into two 
broad types: a syphilitic type and a nonsyphilitie type. Sera giving the former 
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type of reaction tend to give stronger serologic results at 37° than at 1° C.,, 
while sera giving the latter type of reaction, tend to give stronger serologic 
results at 1° than at 37° C. In view of the fact that the nonsyphilitie type of 
reaction is encountered under various conditions in man and is relatively wide- 
spread among lower animals, it is referred to as the general biologic type of 
reaction. 

But clear-cut syphilitic and general biologic types of serologic reactions are 
not the only types encountered in practice. Serologically positive human sera 
may show both types of reactions. Considering the widespread distribution of 
the general biologie type of reaction in the absence of syphilis, there is no reason 
why it should not also be found in the presence of syphilis. Hence, it might 
be expected that certain cases of syphilis might give at the same time both the 
syphilitic and the general biologie types of reactions. 

Then again, the general biologie type of reaction may occur in syphilis, as 
has been observed in this laboratory in cases of neurosyphilis treated with 
malaria. A patient may show a positive spinal fluid reaction and a weakly 
positive or negative serum reaction. During. malarial therapy he may begin 
to give strongly positive serum reactions with a diagnostic test. On examination 
of the serum at 37° and 1° C., it is found that the reactions are strongly positive 
at 1° and weakly positive or negative at 37° C., indicating that these reactions 
are not related to syphilis, but to the malaria therapy. 

In those instances in which the results of the differential temperature tech- 
nique are inconclusive, certain supplementary procedures may prove of assist- 
ance. A procedure most frequently employed is based on the observation that 
sera giving borderline positive serologic reactions of a nonsyphilitie nature tend 
to show precipitation not only at 1° ©. after they have been heated for thirty 
minutes at 56° C., but also in an unheated state. Syphilitie sera giving border- 
line positive serologic reactions differ in this respect. These weakly positive sera 
give little or no precipitation in the cold after they have been heated at 56° C., 
and they are especially likely to give no precipitation in the cold when tested 
in an unheated state. Hence, when the results of the differential technique 
are inconclusive, a supplementary test is carried out with serum in an unheated 
state. If precipitation is obtained at 1° and no precipitation at 37° C., the 
probability is that the serologic reaction is of a nonsyphilitie type. The use of 
sensitized antigen (employed in the Kahn presumptive test) has also thrown ° 
light on a number of inconclusive types of reactions obtained with standard 
antigen. Studies of supplementary procedures are in progress with the aim of 
reducing to a minimum the number of inconclusive types of reactions with the 
differential temperature technique. 

The Verification Test—The differential temperature technique is referred 
to as the verification test. The value of this test is briefly twofold: 1. As a 
supplementary procedure for serodiagnostic tests whenever there is a question 
of false positives. 2. As a procedure for the study of the nature and significance 
of positive serologic reactions in the absence of syphilis. 

The verification test as a supplementary serodiagnostic procedure. When- 
ever there is a question of the specificity of a positive reaction given by a 
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diagnostic test, the serum is examined with the verification test. Three types 
of reactions are likely with this serum: 

1. Syphilitie type. 

2. General biologic type. 

3. Inconelusive type. 

When sera giving negative reactions with a diagnostic test are examined 
with the verification test, four types of reactions may be noted. 

1. Negative type (when no precipitation occurs at either 37° or at 1° C.). 

2. General biologie type. 

3. Syphilitic type (generally in treated cases of syphilis). 

4. Ineonelusive type. 

The verification test in the study of the nature and significance of non- 
syphilitic serologic reactions. False positive serologic reactions are generally con- 
sidered in relation to syphilis only. Once it is established that a given reaction 
is a false positive, the matter is generally dismissed. The question may arise, 
why it is that false positives in man are almost invariably associated with 
pathologie disturbances. In leprosy, malaria, and infectious mononucleosis 
these general biologic types of serologic reactions are encountered more fre- 
quently than in other pathologie conditions. Also, why it is quite rare to en- 
counter these types of reactions in the absence of pathologic conditions. The 
fact that the general biologic types of reactions are encountered among sero- 
logically negative persons is also of great interest. Can it be said that the 
general biologie type of reaction in man is a manifestation of some disturbance, 
or do certain persons have the tendency to give this type of serologic reaction 
without regard to any disturbance? 


V. SUMMARY—THE NEW SEROLOGY OF SYPHILIS 


Indications are that the serology of syphilis, as it has developed during 
the past three decades, embraces two distinct types of positive reactions. One 
is essentially an immune serum reaction, similar to agglutination, precipitation, 
and other antigen-antibody reactions in immunity, which apparently is 
specifically associated with syphilis. The other type of reaction may or may 
not be associated with immunity; in lower animals it occurs under apparently 
normal conditions; in human beings it most frequently occurs under pathologic 
conditions, but it is definitely not associated with syphilis. 

In the new serology of syphilis, every positive reaction in which there is a 
question as to its relationship to syphilis will be subjected to special studies, 
not alone with the verification test but also, should it prove necessary, with all 
possible supplementary procedures. The serologist then will assume full re- 
sponsibility for his report just as the roentgenologist, for example, is responsible 
for his. 

Should the serologic reaction be found to be of the general biologie type 
and unrelated to syphilis, clinicians will not disregard it, but will investigate the 
reason for this reaction, especially as to whether some pathologie condition is 
responsible for it. Repeated serologic studies might reveal an increase or a de- 
crease in the potency of the reaction, and these changes might correspond to 
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changes in the pathologic condition. Then again, the studies might reveal, in 
some cases, a tendency toward positive serologic reactions in the apparent absence 
of pathologie conditions. 

The new serology of syphilis will thus lead not only to more dependable 
laboratory diagnosis in syphilis, but also to the study of the significance of 
those reactions not associated with this disease. A positive serologic reaction in 
the diagnosis of an asymptomatic case will first of all require the ‘‘typing’’ 
of the reaction to determine whether it is syphilitic or general biologic. This 
determination may necessitate repeated serologic studies, considering that a 
aerson who shows no signs or symptoms of syphilis is to be diagnosed as syphilitic 
or as free from syphilis. The increased dependability of the serologic diag- 
nosis of syphilis should remove objections against routine blood testing. This 
step, in turn, should greatly aid the control of syphilis. 
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THE TAKATA-ARA TEST IN LIVER DISEASE* 


Tuomas Byrp MacatH, PxH.D., M.D., RocHEstTerR, MINN. 


HISTORICAL DATA 


wire a student to seek an example in medical literature of generosity and 
patience on the part of investigators, he would do well to examine the case 
of the Takata-Ara test. He would discover in the vast number of papers on 
the subject, of which with comparative ease might be found more than a hun- 
dred, what has come to be the typical life history of a laboratory test in modern 
medicine. This includes, among other things, the obsession of devising and 
using a simple, and if possible, bedside test to make an absolute and never fail- 
ing diagnosis in ani extremely complicated and involved disease of diverse mani- 
festations. Perhaps it is the medical equivalent of the desire to get something 
for nothing. 


The history of the test might at once arouse suspicions. It was reported’™® ™ 
at a meeting of the Far Eastern Association of Tropical Medicine for study of 
four widely separate diseases, no one of which may be considered as being tropi- 


eal. The relative rarity of the parent publications suggests that few authors have 
ever consulted it. It is fair to conclude that so far as American authors are con- 
cerned, they have been content to quote from Crane that it was originally pro- 
posed by Takata ‘‘and later by Takata and Ara in 1925 as a colloid reaction 
in chest fluid.’’ So far as the printed records are concerned, Takata and Ara,” 
not Takata,”’ first recorded the reaction in what may be called a prior publica- 
tion, for the page is 667. Here the test was described for spinal fluid as diag- 
nostic for syphilis and meningitis. On a later page, namely 693, and at the 
same meeting, Takata‘’ reported on the use of the same reaction in chest fluid 
but in a different technical setting, to distinguish between lobar and lobular 
pneumonia.t So far as can be determined, study of the test has not been ex- 
tended seriously in these connections. It is important to note that Takata 
thought the flocculation or precipitation of the mercuric salt was due to an 
increase in globulin, long considered the agent which causes the precipitation 
of various colloidal suspensions, as for example, gold sol and benzoin. 


*From the Division of Clinical Pathology, Section on Parasitology, the Mayo Clinic, 
Rochester. 

yIt would probably be useless to attempt to obtain general agreement as to the proper 
name for the test if an eponym is to be used. The particular reaction resulting in a positive 
test may, with considerable justification, be first ascribed to Takata and Ara, since their paper 
preceded the paper by Takata in the volume. The serial dilution idea was also considered in 
the paper by Takata and Ara. However, in a limited circulated volume of abstracts of the 
scientific papers presented at the Sixth Congress of the Far Eastern Association of Tropical 
Medicine and published in Tokyo in 1925, there appeared extensive abstracts of the two papers 
in question. The one by Takata appeared on pages 585 to 590, while the one by Takata and 
Ara appeared on pages 609 and 611. The papers were evidently read at the same session and 
both were read by Takata, who stated that he had first used the test in the study of pneumonia. 
On the other hand, in neither paper was it suggested that the reaction be used as a liver func- 
tion test. This was suggested by Staub,” but the method of performing the test was published 
by Jezler.” 41 It seems wise to refer to the test as the Takata-Ara test since the literature 
generally contains the two names linked together. 
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Staub’? knew that Adler and Strauss had shown the presence of a disturb- 
ance in the albumin-globulin ratio in the serum of persons suffering from certain 
liver diseases, and that Abrami and Robert-Wallich had shown it in cirrhosis 
in particular. He suggested to Nicole that he investigate the cause of the Takata- 
Ara reaction in spinal fluid, and Nicole concluded it was due to a shift in the 
aulbumin-globulin ratio. Staub then suggested to Jezler that the Takata-Ara 
iest could be used as a liver function test on blood serum. Indeed, Staub re- 
ported that the results of the test were positive in cirrhosis, but the protocols 
und details were supplied by Jezler*® *? the next year in his report which in- 
«luded a modification of the technique and a demonstration that the test could 
he performed on ascitic fluid. In 42 cases of cirrhosis he obtained 38 positive 
icactions, but he also obtained some positive reactions in pseudocirrhosis, yellow 
atrophy, chronic aleoholism, and passive congestion of the liver. 


TABLE I 


TAKATA-ARA REACTION IN CASES OF CIRRHOSIS OF THE LIVER 








POSITIVE REACTIONS 
NO. PER CENT 
Jezler 176 124 70 
Storz and Schlungbaum 4 3 75 
Oliva and Pescarmona 17 17 100 
Skouge 40 38 95 
Zadek and co-workers 6 6 100 
Rohrer 1d 14 93 
van Ginkel 21 16 76 
Crane 25 20 80 
Schindel 13 12 91 
Lazzaro 29 27 93 
Schindel and Barth 13 12 92 
Heath : 77 46 60 
Hafstrom 18 aH 94 
Ragins 59 57 97 
Lang and Gsellmann 12 12 100 
Rappolt 73 61 84 
Mancke and Margaronis 66 64 97 
Kirk 21 15 71 
Bowman and Bray 21 18 86 
Tumen and Bockus 19 15 79 
Cuttle, Kerr, Wolff 18 17 | 94 
Girard and Vincent 20 20 100 
Payne (p 61 86 
Heinrici 52 47 90 
Horejsi 18 13 VP 
Israel and Reinhold 72 61 85 
Wayburn and Cherry 94 87 | 93 
Gertler and Lachenicht 21 14 67 
Golob and Nussbaum 72 ; 5s 74 
Gray 35 28. 80 
Magath 72 43 60 
Total | 1270 1038 82 





AUTHOR CASES 























Bauer® found the test fairly satisfactory with some positive reactions in the 
presence of catarrhal jaundice and some negative results in cirrhosis. Storz and 
Schlungbaum studied a number of cases and obtained positive reactions in 
3 out of 4 eases of hepatic abscess, 3.out of 4 of cirrhosis, in 1 out of 23 of 
cholecystitis, and 1 out of 13 of heart failure and jaundice. Oliva and Pes- 
carmona expressed the belief that the test is specific for cirrhosis, and this 
opinion has been shared by many. 





158 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


For several years after this the main development of the test was along the 
_ line of demonstrating its specificity for the diagnosis of cirrhosis. In evaluating 
the material as a whole the fact appears that many different criteria have been 
used for reading a positive reaction, and that what was called a significantly posi- 
tive reaction by one author is called a negative result by another. Hence the 
comparison of percentages in Table I must be accepted with some reservations. 
Furthermore, the diagnoses may be disputed in some instances, since evidence 
frequently was not recorded. 

A eareful examination of the reports, however, discloses a significant fact. 
In early cases of cirrhosis the Takata-Ara test frequently gives a negative result, 
and only in the advanced eases, usually with ascites, can it be relied on to give 
a positive reaction. Hence the percentage of positive reactions in a series of 
eases of cirrhosis may be varied by the inclusion of an excess of early or late 
eases. Naturally in the eases in which necropsy confirmed the presence of 
cirrhosis, the results of the test were almost invariably positive. In summary, 
the impression gained from an extensive examination of literature leads to the 
conclusion that in less than half of the cases of early cirrhosis a strong positive 
reaction will be obtained, and in a high percentage, probably 90 or 95 per cent, 
of the cases of late cirrhosis the results of the test will be positive. 


The enthusiasm for the test, even as a diagnostic one for cirrhosis, would not 
have been so great if critical examination of the protocols and even the con- 
clusions of the majority of authors had been made. It has now become apparent 
that parenchymatous damage of liver cells, if severe or even moderately severe, 


will cause a positive Takata-Ara reaction in a large percentage of cases. This 
damage may be caused by a wide variety of agents. It is important to know 
that many authors, in fact almost all who have investigated the matter, have 
shown that changes in the liver attributable to obstructive jaundice, even though 
the jaundice be severe, do not, as a rule, produce a positive Takata-Ara re- 
action. Crane has shown this in 18 eases; Jezler,*” 4 in many eases; and the 
same observation has been made by Storz and Schlungbaum, Wayburn and 
Cherry, Heath, Sommer, von Brandis, Magath, and others. Yet Gertler and 
Lachenicht found the test positive in all nine of their patients with ‘‘icterus 
simplex.’’ 

Many authors have recorded many positive reactions in the presence of 
parenchymatous damage of the liver which was not due to obstructive lesions. 
Some authors, such as Sommer, Gohr and Bolt, and Backert and Naville, have 
been so impressed with this that they have implied that the test may be used as 
an indication of such damage. Mancke and Sommer, Rathery and Ferroir, 
Godtfredsen, Sparchez and Viciu, Magath, Gertler and Lachenicht, Canizo, 
Cornejo, and Irigoyen, and others have emphasized the frequency with which the 
test gives positive results in this type of hepatic injury. Such conditions so 
far recorded are hepatitis due to a variety of causes, abscesses, passive con- 
gestion, malignancy, hepatic syphilis, acute yellow atrophy, and possibly other 
conditions. Hugonot and Sohier*’ reported the test positive in two cases of 
leishmaniasis and thought the test would be positive in grave hepatic disease. 
Unanimity of opinion is not found among all authors, however, in regard to 
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this matter. For example, Crane did not find any positive reactions in 6 cases of 
malignaney of the liver and even thought the test could be used to advantage 
in identifying these cases. Von Brandis tested 30 patients with malignant dis- 
ease of the liver and obtained negative results for all, yet Heinrici obtained 10 
positive reactions in 12 cases. Jezler*’ in one series obtained positive reactions 
in 1 out of 6 cases studied; I found positive reactions in 7 out of 9 cases; Gertler 
and Lachenicht reported positive tests in 9 out of 11 cases; and Payne found 
9 positive tests out of 14 cases of malignancy. Chasnoff and Solomon” con- 
eluded the Takata-Ara test was positive in most cases of malignaney involving 


‘the liver. Disagreement in regard to the test in passive congestion owing to 


cardiac failure and other conditions has also been recorded. MHeinrici recorded 
positive reactions in half of his cases, and Horejsi, in a smaller percentage. 
Girard and Vincent obtained routinely negative reactions, and Storz and 
Schlungbaum rarely found a positive reaction. Crane recorded a few positive 
reactions, and Wayburn and Cherry obtained positive reactions in 7.4 per cent 
of their 122 cases. 

In spite of many discrepancies in results, the general opinion has been that 
the test is useful in the diagnosis of cirrhosis. Some authors, however, have 
not agreed with even this general statement. Bowman and Bray stated the 
test was ‘‘not significant enough to be of value in the clinic as an additional 
laboratory procedure,’’ and they obtained a large number of positive reactions 
on patients without cirrhosis whose total proteins were low or whose albumin- 
slobulin ratios had shifted. 

Many authors have recorded positive reactions in diseases not essentially 
hepatic in nature and even in- diseases in which the liver can hardly be regarded 
as being essentially involved. Examples of these which may be mentioned are 
the positive reactions obtained in 13.4 per cent of cases of stomach ulcers, colitis, 
and pulmonary tuberculosis recorded by von Brandis, and in 11 out of 12 cases 
of pulmonary tuberculosis listed by Ornstein. Ornstein also found a high per- 
centage of positive reactions in cases of nephritis, pellagra, secondary syphilis, 
chronic alcoholism, and diabetes, and even 27 per cent of positive reactions in 
mental maladies. Positive reactions in nephritis, pulmonary tuberculosis, arterio- 
sclerosis and lobar pneumonia were found by Crane. Schmengler also found 
positive reactions in a high percentage of cases of pulmonary tuberculosis. In 
all eases of nephritis studied by Wayburn and Cherry positive reactions were 
obtained, and positive reactions also were-recorded in cases of lobar pneumonia 
and pulmonary tuberculosis. Biondo found positive reactions in two cases of 
pulmonary tuberculosis and atrophic changes in the liver. Girard and Vincent 
emphasized the likelihood of positive reactions in the presence of nephritis with 
low serum proteins, and others have recorded occasionally positive reactions in 
a variety of diseases. Weiner also obtained positive reactions in nephritis. 
Banti’s disease has not given consistent reactions in the hands of various au- 
thors; some recorded positive reactions and others negative ones. 

Hirsch, after observing the test in a long series of children, concluded that 
the test was more than a liver function test; that its results were positive in all 
serious diseases in which the detoxicating funetion of the liver was disturbed or 
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the colloidal state of the serum was changed. This among children occurs fre- 
quently in such diseases as typhoid fever, pneumonia, nephritis, and in septic 
conditions. 

It is interesting to note that Bauer,’ and more recently Gray, have reported 
on colloidal gold tests on serum of patients with hepatic disease. They have 
found in general that positive reactions are the rule in eases of cirrhosis and 
acute parenchymatous hepatic disease, and occur in many eases of malignancy 
of the liver and various hepatic diseases. This colloidal gold test was found to 
give a positive reaction in certain extrahepatic diseases and in particular in 
syphilis. The test appears to be more sensitive than the Takata-Ara test as a 
general liver function test and hence less specific for cirrhosis. Gray thought 
the test did not depend primarily upon a quantitative increase in globulin, a 
decrease in albumin, or an inversion of the albumin-globulin ratio. He was 
of the opinion that euglobulin was the key to the reaction. 


METHOD 


The technique deseribed by Takata* required eleven tubes. One cubic 


centimeter of patient’s serum was so diluted with physiologic salt solution that 
a serial dilution resulted as follows: 1:5, 1:10, 1:20, to 1:500. To each tube 
were added 0.25 ¢.c. of 10 per cent solution of sodium earbonate and 0.25 e.c. of 
a fresh mixture of mercuric chloride solution, consisting of equal parts of 0.5 per 
cent sublimate solution and 0.02 per cent fuchsin. The tubes were allowed to 
stand for several hours, and positive results were indicated by flocculation in the 


tubes. Jezler*! modified the test by using nine tubes and making a serial dilution 
beginning with 1 ¢.c. of serum and 1 ¢.c. of salt, in the proportion of 1:2, then 
1:4, 1:8, to 1:512. To these dilutions were added 0.25 ¢.e. of 10 per cent solution 
of sodium earbonate and 0.3 ¢.c. of sublimate fuchsin mixture. The reading was 
made after a half hour and again after five hours, and positive reactions were 
indicated when at least three tubes of 1:32 dilution or higher showed flocculation. 
Takata and Ara used a single tube into which were placed 1 ¢.e. of spinal fluid, 
1 drop of 10 per cent solution of sodium carbonate, and 0.3 ¢.c. of a mixture of 
0.5 per cent solution of mercuric chloride and 0.02 per cent solution of fuchsin. 
The tube was shaken and allowed to stand for twenty-four hours. They also pro- 
posed the serial dilution scheme. 


Sinee Takata and Ara announced their test a large number of modifications 
have been introduced. One which has been used extensively and which was used 
in my previously reported series was a modification proposed by Heath. For 
this test six tubes are used, and into each is placed 1 ¢.c. of 0.9 per cent solution 
of sodium earbonate. To the first tube 1.0 ¢.c. of serum is added, and the contents 
are thoroughly mixed. One eubie centimeter then is removed and added to the 
second tube. After mixing, 1.0 ¢.c. is transferred from the second to the third 
tube, and so on until the sixth tube, from which 1.0 ¢.c. is disearded. The dilu- 
tions of serum thus range from 1:2 to 1:64. To each of the tubes 0.25 e.e. of 10 
per cent solution of sodium carbonate is added, and the contents are well shaken. 
Then 0.15 ¢.e. of solution of mereurie chloride is added to each tube, and the 
tubes are again shaken. The mixtures are allowed to stand at room temperature 
overnight, and the readings are made at sixteen to twenty-four hours. Heath 
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divided the reactions into five groups: strongly positive, positive, weakly posi- 
tive, suspicious, and negative. A strongly positive reaction is characterized 
hy a maximal precipitate on settling, filling at least the lower third of the fluid 
column. <A positive reaction occurs when there is a definite but not a maximal 
precipitate in any one tube, or some precipitate in at least three tubes. A weakly 
positive reaction is present when there is a definite but minimal precipitate in 
any one or two tubes, and a suspicious reaction is present when there is a doubt- 
ful precipitate in any two tubes. The reaction is considered negative when 
there is no floceulent precipitate. A definite, pearly floceulent precipitate must 
‘be present to interpret a reaction as positive. Granular or flaky precipitates are 
disregarded. 

Ucko’s*”: ** modification consisted of using four tubes, into each of which 
is placed 0.2 ¢.c. of serum; and into the first tube, 0.25 ¢.c. of 0.386 per cent solu- 
tion of sodium earbonate; into the second tube, 0.2 ¢.c.; into the third, 1.5 e.c., 
and into the fourth, 1 ¢.ec. Solution of mereurie chloride, 0.5 per cent, is added 
to each tube in amounts equal to the carbonate solution. If three or more tubes 
are translucent after they have stood for several hours, the reaction is said to be 
negative. If there is an opaqueness with some precipitate in the first three tubes, 
it is graded 1+. If there is a precipitate or flocculation of uniform turbidity in 
the four tubes, it is graded 2+; and if a thick precipitate forms immediately 
in all four tubes, the reaction is graded 3+. Ucko*! thought his modification gave 
a more certain indication of disturbance of the liver than did the Takata test, 
and on comparison obtained about 20 per cent disagreement between the two 
tests. Bauer® used magnesium chloride instead of mercuric chloride. 

Many suggestions for reading the results of the test have been proposed, as 
for example, the one by Hafstrém, who graded the results on a seale of 1 to 4: 
grade 1 being slight turbidity; grade 2, incipient flocculation; grade 3, clear 
flocculation ; and grade 4, maximal flocculation. Hafstrém also used fuchsin in 
his tests. 

Mancke and Sommer devised a modification which they advocated: Into 
each of eight tubes is placed 0.1 ¢.c. of the serum; then 1.0 ¢.c. of the salt solution 
(0.9 per cent) is put into the first tube, 1.1 ¢.c. in the next, and so on, until 
the last tube receives 1.7 c.c. Into each tube is placed 0.4 ¢.c. of a 10 per cent solu- 
tion of sodium carbonate, and then 1.0 ¢.c. of 0.25 per cent solution of mercuric 
chloride is pipetted into the first tube and 0.9 ¢.ec. in the second; the quantity is 
decreased by 0.1 ¢.e. until the last tube receives 0.3 e.c. The flocculation test is 
read after twenty-four hours. ; 

Since Wayburn and Cherry indicated that their method of performing the 
test increased its accuracy, and since they did not altogether agree with my 
previous report, I decided in this new series to use their technique.* The method 
of Wayburn and Cherry is a modification of that proposed by Crane and is not 
unlike the method suggested by Heath: eight Wassermann tubes are used 


.*Both in the tables and text of Wayburn and Cherry’s paper they indicated that I found 
9 positive Takata-Ara reactions in 25 cases of cirrhosis of the liver, and in the table they in- 
dicated that the percentage of positive reactions was 36 per cent, which would have brought 
my results entirely out_of line with all previous results, Evidently this is a misreading on the 
part of Wayburn and Cherry. In 16 or 64 per cent of my series of 25 cases of cirrhosis of the 
liver, the Takata-Ara reaction was positive. This may be compared favorably with Heath’s 60 
per cent and Kirk’s 71 per cent, as reported in the table by Wayburn and Cherry. 
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instead of six, and the serum is serially pipetted in geometric dilutions. The 
tubes are agitated thoroughly for thirty to forty seconds after receiving 0.25 c.c. 
of 10 per cent solution of sodium carbonate, and the individual tubes are shaken 
as soon as 0.15 e.c. of a 0.5 per cent solution of mercuric chloride is added. The 
tubes are left at room temperature for twenty-four hours before reading. The 
presence of a characteristic precipitate is considered a positive reaction. This 
is a white to pearl gray, soft, large-flaked floeeulent. The serum was not con- 
sidered positive unless a precipitate appeared in at least three consecutive tubes. 
This usually begins in the 1:8 dilution. The appearance of a fine, brick-red 
precipitation is of no significance. Wayburn and Cherry admitted that the six 
tubes proposed by Crane were rational, although they thought the results are 
demonstrated more clearly with eight tubes. I did not notice the advantage of 
the two additional tubes. 


Although the technique of performing the Takata-Ara test is superficially 
simple, careful study and experience in reading precipitation tests are necessary 
in order to secure satisfactory results. Frequently precipitation occurs that evi- 
dently is not colloidal flocculation and gives the inexperienced worker difficulty 
in interpreting the test. 


MECHANISM OF THE TAKATA-ARA TEST 


In spite of the vast literature which has accumulated concerning the mecha- 
nism of the Takata-Ara test, there is as yet no general agreement or adequate 
explanation for the flocculation that occurs in the serum of certain patients. 
In general, it is believed that mereurie chloride and sodium earbonate form 
mercuric oxide in the presence of proteins which are considered to act as pro- 
tective colloids. In certain pathologie states precipitation of the colloid occurs 
because as is generally believed, the albumin-globulin ratio in the serum has been 
altered. Takata*® thought that the ratio was altered by an increase in the 
globulin fraction. Jezler*® *t found the globulin fraction regularly more than 
55 per cent of the total protein in cases in which Takata-Ara reactions were 
positive; whereas in cases in which the results were negative the average was 
about 37 per cent. 

Gros,?? from a comprehensive study of the mechanism of the Takata-Ara 
reaction, coneluded that mereuric chloride was adsorbed in organic substances 
onto the protein, but he did not think that this was specific for persons with dis- 
eases of the liver. 


Many investigators have concluded that the precipitation by the alkaline 
sublimate solution was due to a disturbance in the albumin-globulin ratio, al- 
though many have noted that in a fairly large number of cases a positive Takata- 
Ara reaction has been obtained when the ratio was normal, and conversely, nega- 
tive reactions have been seen when the ratio was disturbed. Some authors have 
stated that a mere lowering of the protein level did not result in flocculation, 
although Abrami and Robert-Wallich thought it did. Among those who have 
held that a change in the ratio between albumin and globulin resulting in a rela- 
tive inerease in globulin was the cause of the precipitation may be mentioned 
Lazzaro, Vigada and Montanari, Hugonot and Sohier,*° Schreuder, Carriére, 
Martin, and Dufossé, Ragins, and Gohr and Niedeggen. Others, such as van 
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Ginkel, Gros,?* Hahn, Rappolt, Kirk, and Ucko,®? indicated that an actual in- 
crease in the serum globulin must be considered important in causing the positive 
reaction. 


In opposition to these opinions, Skouge, and Schindel and Barth were 
unable to correlate accurately the Takata-Ara reaction with either an increase in 
globulin or a lowering of the albumin-globulin ratio. Fulde thought there was 
no correlation between the albumin-globulin shift and the reaction. Schreuder 
took the half way position, that either an increase in globulin or a decrease in 
albumin would cause a positive reaction. When Kallos-Deffner starved rabbits 
‘in a rarefied atmosphere and produced a ketonuria in them, the Takata-Ara test 
then gave a positive result which became negative when the animals returned 
to normal; d’Alessandro corroborated these observations. Recht lent some sup- 
port to this line of thought when he demonstrated the positive reaction of chil- 
dren with acidosis and dehydration. 

Medvei and Paschkis, Zirm, and Ragins have noted that after the addition 
of heparin to blood, the serum which previously had given a positive Takata-Ara 
reaction gave a negative reaction; this occurred in spite of the fact that Fischer 
demonstrated heparin converts albumin in serum into globulin. 

Bowman and Bray obtained many positive Takata-Ara reactions with serum 
in which the level of protein was low and in which the albumin-globulin ratio 
was not reversed. 

Tumen and Bockus did not think that the reaction was wholly dependent 
on the albumin-globulin ratio, although they stated that a low albumin content 
and the reversal of the albumin-globulin ratio were the rule. The same con- 
clusion was reached by Cuttle, Kerr, and Wolff. Chasnoff and Solomon,” after 
studying 28 eases, concluded that in most cases there was an alteration in the 
albumin-globulin ratio when the Takata-Ara reaction was positive; although 
this was the most important cause of the reaction, it was not the sole cause. 

Taran and Lipstein pointed out that the albumin levels are lower and the 
globulin levels are higher in serum with a positive reaction. In their series of 
40 cases of amyloidosis and tuberculosis, Takata-Ara reactions were positive 
in 31. These authors, however, expressed the belief that this was not due to the 
presence of amyloid but to the changes in the relation of the serum proteins. 

Schindel produced positive reactions by the addition of lower fatty acids 
to serum and reversed the reaction when he then added alkalies, yet Gros** could 
produce no changes in the test after extraction of fatty acids from the serum. 
Ucko® rightly criticized these experiments as being invalid, since the addition 
of fatty acids changes the reaction in the tubes to such an extent that the test is 
no longer comparable to the original test. 

Oefelein found the ammonia content of the blood high in cases in which 
the Takata-Ara reactions were positive. When the amount of ammonia was low, 
that is, from 0.2 to 0.58 mg. per 100 ¢.c., he found the reaction was negative. 
It was positive when the quantity of ammonia was above the level of 0.85 mg. per 
100 ¢e.ec. Chasnoff and Solomon,’ after an exhaustive study of this factor, con- 
cluded the ammonia content of the blood bore no relation to the Takata-Ara test. 

Horejsi contended that the globulin in the serum caused the precipitation 
in the Takata-Ara reaction when the globulin was not protected. He suggested 
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this protection was due to ‘‘some sulphuric compound in the blood serum,’’ per- 
haps a free SH-group. He explained the reaction in hepatie disease on the 
theory that the sulfur metabolism was faulty in such diseases. 

Seiler and Rehm maintained that this reaction was not a colloid-colloid 
reaction, but that the mercuric chloride in the Takata-Ara test was in a true solu- 
tion, entering into the protein complex and remaining as a sublimate or 
oxychloride. They were of the opinion that the flocculation was primarily a pH 
reaction present in pathologic sera. 

Staub and Jezler concluded the Takata-Ara reaction was a result of dysfune- 
tion of the liver, dependent on the colloidal composition of the serum. Jiirgens, 
from experiments on geese and dogs, concluded that the test was dependent on 
metabolic products of damaged liver cells, and Crane suggested as possible causes 
of a positive reaction: (1) release of liver proteins into the circulation (that 
is, in cases of yellow atrophy); (2) inability of the liver to alter proteins con- 
tained in the blood; and (3) failure of some blood to pass through the liver, 
going instead, by way of collateral venous anastomoses, directly into the general 
circulation. 

Another suggestion has been made by Recht, that lipoids played an impor- 
tant role in the test. 

Wuhrmann and Leuthardt held that the precipitate was due to the linkage 
of sublimate with proteins of the blood serum in which fibrinogen also played a 
part; others have suggested that fibrinogen played some role in the reaction. 

One of the few papers based on animal experimentation on the subject is 
by Hahn, who made mixtures of ealf and beef blood so as to obtain different 
albumin-globulin ratios. He concluded that as the ratio of globulin to albumin 
inereased, results of the Takata-Ara test became more positive. Wayburn and 
Cherry have summarized their views as follows: 

“Tt is extremely difficult to explain the occurrence of the positive Takata- 
Ara reaction by any one hypothesis. Increase in the globulin fraction of the 
serum, both relatively and absolutely, does occur in the majority of the cases, 
but there are many eases in which it does not. Conversely, there are many cases 
with changes in the globulin without positive Takata reactions. The presence of 
liver damage as such appears to play very little role. If the release of liver 
proteins into the circulation were important, acute yellow atrophy should give 
uniformly strongly positive reactions, but it does not. If the reaction were caused 
by the failure of blood to pass through the liver, portal thrombosis should give 
uniformly positive reactions, but it does not. It seems rational at this time to be 
content with Staub and Jezler that the Takata reaction represents a dysfunction 
of the liver. It probably is dependent on the colloidal composition of the 
serum. It probably represents some retention substance which under the usual 
conditions of its occurrences requires some time to be formed in sufficient 
quantity to result in a positive reaction (comparable, again, to an elevated blood 
urea in chronic glomerular nephritis). It is possible that this is a toxie product.”’ 

The main objection to this summary is their agreement with Staub and 
Jezler and the suggestion that the reaction is due to a toxie or retention sub- 
stance. Greene, and others as well, have pointed out that the results of the test 
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are often positive when the liver is not damaged to the extent that any other 
tests or observations can demonstrate such damage and also are positive in dis- 
cases in which there is no indication the liver is involved. 

The reaction is likely to be due to a more fundamental change in the body 
fluids, which often, perhaps more often, is due to dysfunction of the liver than 
to that of any other organ but which may be caused by the dysfunction of other 
organs, and results in colloidal changes in various bodily fluids, such as serum, 
spinal fluid, and the fluids secreted by serosal surfaces. 


RESULTS OF OBSERVATIONS 


In order to investigate the value of the Takata-Ara reaction, the two series 
of eases which I have studied have been combined, since a separate examination 
of each series did not reveal any particular differences. The results in the first 
series have been reported previously, and this series consisted of 86 consecutive 
eases. In all but one instance the bromsulfalein test was performed simultane- 
ously, and in all but three, qualitative and quantitative van den Bergh reactions 
were studied. Furthermore, examinations of the serum protein were made in 
62 of these cases. All these patients were carefully examined by experienced 
clinicians, with special reference to the possibility of disease of the liver. The 
condition of the liver of 27 of these was observed either at operation or at 
necropsy. The method of performing the test was the six-tube method suggested 
by Heath. 

Since study of the second series was stimulated by the criticism of Wayburn 
and Cherry, their technique of using eight tubes was followed. The cases in this 
series were selected in an entifely different manner from that used for selection 
in the first series. Only cases were included in which the bromsulfalein test 
indicated retention of 6 per cent or more (grade 1) of dye; the Takata-Ara test 
was performed on the same sera. All these patients had both qualitative and 
quantitative van den Bergh reactions. In this series the livers of 50 patients 
were observed either at operation or at necropsy, and all the patients in the 
series, like those of the former series, were studied carefully by clinicians, with 
particular reference to the possibility of disease of the liver. 

The combined series included 249 patients. The condition of 72 of these 
patients was diagnosed as cirrhosis of the liver; of this number, 43, or about 
60 per cent, had a positive Takata-Ara reaction (Table II). Thirty had malig- 
nant disease involving the liver; of these, 12, or 40 per cent, gave positive 
Takata-Ara reactions. The livers of 108 patients were involved in other types 
of disease, of which 20, or 19 per cent, gave positive Takata-Ara reactions. In 
all, there were 210 cases of clear-cut involvement of the liver, in 75, or 40 per 
cent, of which Takata-Ara tests gave positive results. When the eases of 
cirrhosis of the liver were omitted, positive reactions were found in 23 per cent 
ot the other cases in which the liver was involved. Eighteen patients in the 
second series had more or less acute hepatitis, and 5, or 28 per cent, of these gave 
a positive Takata-Ara reaction. In this series, which obviously was selected in 
favor of involvement of the liver, positive Takata-Ara reactions were noted in 
» instances in which there evidently was no involvement of the liver; results of 
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the Takata-Ara test were negative in 12 cases in which obviously the liver was 
‘not injured. In this series, as in some reported by others, obstructive lesions 
did not result in positive reactions, and in all kinds of early lesions of the liver 
the results of the tests were usually negative. 


TABLE IT 


TAKATA-ARA TEST AS RELATED TO LIVER DAMAGE. FIRST AND SECOND SERIES COMBINED 
(249 CASES) 








TAKATA-ARA TEST 

CONDITION OF LIVER* POSITIVE NEGATIVE 

CASES PER CENT CASES PER CENT 

Cirrhosis present 43 60 29 40 

Cirrhosis absent 41 Be 136 re 

Malignancy of liver 12 40 18 60 

Liver involvedt 20 19 88 81 

Liver not involved 9 23 30 17 
*There were 210 cases in which the liver was involved; in 75, or 36 per cent, the results 


of the Takata-Ara test were positive. When the cases of cirrhosis are omitted, the Takata-Ara 
test was positive in 23 per cent. 


jOther than diseases listed above. 























TABLE IIT 


TAKATA-ARA TEST OF LIVER FUNCTION IN FIRST SERIES (86 CASES) 








TAKATA-ARA TEST 
POSITIVE NEGATIVE 





RESULTS OF VARIOUS TESTS 





Albumin-globulin ratio, reversed 12 2 
Albumin-globulin ratio, normal 9 39 
Bromsulfalein test, positive 28 29 


Bromsulfalein test, negative 4* 24 
van den Bergh reaction, direct 22 19 
van den Bergh reaction, indirect 9t 33 











*Liver apparently not involved. 
jIn 4 of these cases the liver apparently was not involved. 


There was no evidence to suggest that changes in the total protein of the 
serum could be correlated with the Takata-Ara tests; this was studied in the first 
series in particular (Table III). In 12 eases in which results of the Takata-Ara 
test were positive, there was a reversal of the albumin-globulin ratio, and in 9 
there was a normal ratio; in 2 cases the ratio was reversed, but results of the 
Takata-Ara test were negative. In only about one-half of the cases in which 
there was a reversal of the albumin-globulin ratio was the liver involved, and 
in 9 out of 21 eases of cirrhosis the ratios were reversed (Table IV). In only 
one ease, that of hypernephroma, the ratio was reversed, and involvement of the 
liver was not diagnosed. It should be noted, however, that very few cases of 
disease of the kidney were included in this series. It is possible that the 
fibrinogen content of the serum has an influence on the Takata-Ara reaction and 
may account for Takata’s** reaction in cases of pneumonia. 

The correlation between the Takata-Ara test and the bromsulfalein test was 
not high. In only half of the eases of the first series in which retention of dye 
occurred were the results of the Takata-Ara tests positive. Since the second 
series included only eases in which retention of dye of some grade was present 
with the exception of a single case, the correlation can be examined only from 
one side, Of 163 cases 51 gave a positive Takata-Ara reaction, 
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TABLE IV 


ALBUMIN-GLOBULIN RATIO IN DISEASE OF LIVER IN FIRST SERIES 








ALBUMIN-GLOBULIN RATIO 

NORMAL CASES REVERSED CASES 

Cirrhosis present 12 9 

Cirrhosis absent 36 4* 

Cells of liver involved 23 13 

Cells of liver not involved 25 1t 
*Carcinoma of liver present in 3 of these cases, hypernephroma in the fourth. 
t+Hypernephroma. 





CONDITION OF LIVER 








The van den Bergh reaction was indirect in a large number of instances 
in which the Takata-Ara reaction was positive. In the present series direct van 
den Bergh reactions were present when results of 27 Takata-Ara tests were posi- 
tive and when 23 were negative. 

Ten patients in the present series had syphilis, 7 of whom gave positive 
results to the Takata-Ara test. The liver was involved in all of these patients. 


TABLE V 


COMPARISON OF TESTS OF LIVER FUNCTION IN FIRST SERIES 








CELLS OF LIVER 
INVOLVED CASES NOT INVOLVED CASES 
Takata-Ara test, positive 28 4” 
Takata-Ara test, negative 25 29 
Bromsulfalein test, positive 51 3t 
Bromsulfalein test, negative 2} 29 
van den Bergh reaction, direct 39 2§ 
van den Bergh reaction, indirect 13 29 
*Cases of myocardial degeneration, adenoma of gall bladder, hemolytic icterus, and poly- 
cythemia, respectively. : 
7Cases of arthritis, hypernephroma, and facial neuralgia, respectively. 
tHepatitis (?) and syphilis present in one case; recession in cholangeitis in the other. 
§Hypernephroma in one case, hemolytic icterus in the other. 





TEST AND RESULT 














As was pointed out in a previous paper, the results of the bromsulfalein test 
were extremely significant. In the first series, results of the bromsulfalein test 
were positive in 51 eases in which the liver was involved by disease, and in only 
3 cases in which the liver was thought to be uninvolved (Table V). Even in 
these 3 cases, however, there may have been some involvement of the liver. In 
the present series there were 12 cases in which no clinical diagnosis of involve- 
ment of the liver was made, but it is interesting to note that in 5 of these the 
diagnosis of gout was recorded. Since an increase in uric acid in the blood is 
present in gout and since Bollman, Mann, and I have shown that thé liver is 
involved in the metabolism of uric acid, the livers of these patients may not have 
been normal and the retention of dye may have been valid. In 2 cases there were 
malignant lesions of other organs. 

Again the importance of retention of dye of low grade, up to 12 per cent 
retention, is brought out, since in a large number of cases of involvement of the 
liver retention of dye grade 1 was present (Table VI). There were in the 
present series 9 cases of Banti’s disease, and in 6 of these Takata-Ara reactions 
were positive. This is in contrast to the experience of Wayburn and Cherry, 
who stated that in their series of 3 cases of Banti’s syndrome and 2 of splenic 
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and portal thrombosis the results of the Takata-Ara test were consistently nega- 
-tive. In one case of multiple myelomas the Takata-Ara reaction was positive but 
there was no retention of dye. 

TABLE VI 


TAKATA-ARA TEST, BROMSULFALEIN TEST AND VAN DEN BERGH REACTION IN PRESENT SERIES 








VAN DEN BERGH REACTION 





BROMSULFALEIN TEST 


CONDITION 


CASES 


GRADE 





DIRECT 


INDIRECT 


LESS 
THAN 
2 MG. 


MORE 
THAN 
2 MG. 

PER 100 


4 PER 100 


C.C. C.C. 





TAKATA-ARA TEST NEGATIVE 
Hepatitis é 6 0 10 
Malignant lesion 3 1 é 14 

of liver 
Cirrhosis 7 





16 





1 3 
Other diseases y ; 20 5 0 55 58 
A 


TAKATA-ARA TEST POSITIVE 


Hepatitis 1 2 5 0 
Malignant lesion of} { 3 0 1 3 
liver 
Cirrhosis 27 6 : 34 ag 10 16 1] 
Other diseases 15t 5 1 4 12 14 1 

*In 12 of these cases no clinical diagnosis of involvement of the liver was made, but in 5 
of them a diagnosis of gout was made, 


jIn one of these no clinical diagnosis of involvement of the liver was made and the 
bromsulfalein test gave negative results; in 4 other cases also no involvement of the liver was 
found. 





2 
vw 
































COMMENT 


From an examination of the literature, as well as from my own series of 
sases, it becomes evident that the Takata-Ara reaction has not been explained on 
any absolute basis. 

It is, therefore, an empiric test. A wide variety of explanations have been 
offered to account for the reaction, and different explanations of its chemical or 
physical mechanism have been defended. The evidence supports the conclusion 
that in a high percentage of positive reactions the albumin-globulin ratio is 
reversed and that in even a higher percentage there is some alteration in either 
the relative or the absolute amounts of these proteins. On the other hand, the 
role of fibrinogen, as well as that of other contents of the serum, has not been 
investigated thoroughly. Important are the observations that in an appreciable 
number of cases the albumin-globulin ratio is not disturbed when the Takata- 
Ara reaction is positive; this indicates that some other factor or factors must 
be present to explain the phenomenon. 


It is more than evident that the test is not specific for cirrhosis of the liver. 
For the conditions the test was first proposed to diagnose there is no reason to 
believe that it has any value. It is evident enough that a large number of 
patients with cirrhosis will have positive reactions, and the more extensive the 
cirrhosis and the longer the disease has lasted, the more likelihood of obtaining 
a positive reaction. The degree of positiveness of the test is not indicative of 
the degree of hepatic injury, and it is evidently clear that fine laboratory sub- 
divisions of readings of the test will only confuse the clinician. In spite of the 
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fact that a positive result of the test may be expected in 82 per cent of cases of 
cirrhosis, it cannot be assumed that given a positive reaction such a diagnosis 
is confirmed. This, of course, is because a positive reaction occurs in so many 
other conditions. Jankelson, Segal, and Aisner reported that the Takata-Ara 
test gave about the same percentage of positive results, namely 80, in cirrhosis 
as did their tyrosine test. If it were desired, however, to consider the test as a 
veneral test of liver function, the results would be disappointing. It certainly 
will not compare favorably with either the bromsulfalein test which, when 
properly performed,* will indicate roughly 95 per cent of cases with hepatic 
injury, or the van den Bergh test. If a direct van den Bergh reaction is used 
as a eriterion of injury to the liver, it will be found to be reliable in about 80 
per cent of eases. One may expect only about 1 per cent of cases to yield a 
direct reaction in the absence of clinical evidence of hepatic damage if careful 
ring tests are performed. Indirect van den Bergh reactions will occur until the 
damage to the liver is great enough to render the organ unable to excrete the 
changed bilirubin through the bile passages. 

The question may be reasonably asked if the Takata-Ara test can be used to 
denote intrahepatic injury as distinguished from extrahepatic pathologic 
changes, with subsequent effeets on the liver, or at least on the biliary system. 
A fair appraisal would suggest that the test is about as valuable as some of the 
proposed tests for this purpose. Unless obstruction has been present for a long 
time, a negative result will be obtained. Unfortunately, unless the parenchymal 
damage is severe or moderately severe, the test also gives negative results, and 
this means the test is least useful when most desired. Judiciously used as a 
differential test between acute hepatitis with jaundice and obstruction of the 
bile ducts, the test should prove of value, although not entirely accurate. 

Investigators must not lose sight of the fact that the Takata-Ara test may 
be positive and often is in many kinds of diseases in which the liver may not be 
involved, as for example, syphilis, nephritis, pneumonia, and pulmonary tubercu- 
losis. If there is a substance in, or a condition of, the serum common to the 
wide variety of diseases which yield positive results to the test, its nature has 
not been elucidated. 

It is unlikely the test would ever have enjoyed such widespread discussion 
if the technique had not appeared to be easy. Indeed, most authors have praised 
the simplicity of the test, as if that made up for its shortcomings. If the test 
is So simple, why have so many modifications arisen in fifteen years and such 
divergent results been obtained by different authors? Bots listed fourteen modi- 
fications and, incidentally, recommended the one of Jezler,** who wrote that it 
was not so much a matter of the particular method used but the interpretation 
of the test. The truth of the matter is that the test, which is empiric, of un- 
known mechanism and colloidal in nature, is not simple either to perform or to 
read. The strictest attention to details is necessary, and even faulty prepara- 
tion of glassware can be a frequent source of error. The reading of such a test 
as the Takata-Ara requires experience in a wide variety of similar procedures 
and should not be attempted by a novice. Even after the correct reading is 


*The dose should be 5 mg. per kilogram of body weight, and the lowest grade of retention 
£ dye to be considered positive should be 6 per cent at the end of one hour. 
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made, its interpretation is still a matter for the most experienced, for after 
' fifteen years there is no agreement as to the degree of flocculation necessary or 
the number of tubes involved to constitute a positive result. No wonder its 
true value has not been established. 

Some investigators have maintained the test was of value in prognosis, 
recording correlated shifts in the test as patients improved or became worse. 
The fact that the test often gives negative results in early cirrhosis and positive 
results in late eases at once indicates the rationale of such a suggestion. There 
is not enough information about the matter as yet to form any definite conclusion 
about the prognostic value of the test, but from my own experience I would 
expect it to follow changes in the condition of the patient rather than to precede 
such changes, so that although it would in a general way parallel the patient’s 
condition, it could not be used often to predict the course of events in any given 
ease. Gertler and Lachenicht contended that a positive test was an important 
prognostic sign, and once a patient has a positive test he does not often com- 
pletely recover from his malady. It is doubtful whether it will surpass the van 
den Bergh as a prognostic test. 

Much evidence supports the view that the Takata-Ara test is not very sensi- 
tive. Hence, there is no need to perform the test if the bromsulfalein test gives 
negative results. If results of the dye test are positive and a Takata-Ara test 
is then performed, a positive reaction will usually indicate a severe grade of 
parenchymatous damage, and this may help in the diagnosis. If the result of 
the test under this circumstance is negative, the chance that the patient has 


cirrhosis is lessened and here it may render a definite service. 


SUMMARY AND CONCLUSIONS 


The Takata-Ara test is an empiric one and may give positive results in a 
wide variety of diseases, in particular, parenchymatous diseases of the liver, pul- 
monary tuberculosis, and nephritis. It is not very sensitive. 

It is not a specific test for any one disease, but it usually gives positive 
results in cirrhosis of the liver, especially when the disease has progressed to 
moderate severity. The reaction is frequently positive in acute hepatitis and in 
malignant disease of the liver. 

The test is correlated to a great extent with changes in the ratio of serum 
albumin to globulin, but the correlation is not absolute and the mechanism and 
cause of the reaction remain unexplained. 

It has some slight value in prognosis, but its true significance in this field 
has not been established. It appears to have greater value in establishing the 
general nature of an hepatic injury—whether it is of extrahepatic or intra- 
hepatic origin—although more information in this regard is needed. 

The many modifications of the technique of the test and different methods 
of interpreting its results not only make the performance of it confusing, but 
also cast great doubt on the oft-repeated statement that the test is a simple one. 

If the test is to survive there is great need for the establishment of a standard 
procedure based on a long and varied experience with the test. A careful read- 
ing of the literature, however, does not suggest that it would be worth the effort. 
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A DISCUSSION OF ELECTROPHORESIS WITH SPECIAL 
REFERENCE TO SERUM AND ALLERGENS* 


H. A. Apramson, M.D., anp D. H. Moore, Pu.D., New York, N. Y. 


ECENT developments in the methods for the separation of proteins by 

the moving boundary technique have extended the field of electrophoresis 
to so great an extent that any attempt to treat the data comprehensively in a 
short article would be unsatisfactory. We shall, therefore, here outline briefly 
the theory of electrophoresis, its history, method, and some of its usefulness in 
studying the components of serum and of ragweed extracts. 


ELECTRICAL CHARGE OF PROTEINS 


The most striking characteristic of the electrical polarity of protein mole- 
cules and protein surfaces is the fact that there are large numbers of amino 
and carboxyl radicals which act as if they were on the surface.t These groups, 
that is, the COO- and NH3;* groups, serve to determine the net charge of the pro- 
tein under ordinary conditions. Thus, since protein molecules carry electrical 
charges, they will migrate when subjected to an electrical field, the direction 
and velocity depending upon the sign and quantity of the net charge. The 
molecule is constantly taking on and giving up hydrogen ions, so that the 
instantaneous charge is a small integral number ; but the statistical nature of the 
charging process allows the time average of the resultant charge to be frac- 
tional. Thus, if hundreds of ions are going on and leaving a molecule every 
second, the instantaneous net charge may be 1, 2, 3, 4, 5, 6, or more whole 
charges, but the statistical result may be fractional. The surface of the pro- 
tein molecule is so large and the dissociation constants of its amino acids are 
so close together that each protein ion acts as if it bore a fractional charge when 
its mobility in an electrical field is observed. It is quite correct to state, for 
example, that under given conditions an egg albumen ion may have a net charge 
equivalent to 4.53 electrons. The fractional nature of the net charge on these 
large ions makes possible a wide variety of electrophoretic identifications at a 
given pH. 

ISOELECTRIC POINT OF PROTEINS 


Whenever the sum of the negative charges on a protein molecule is equal 
to the sum of its positive charges over a time average, the net charge is zero 
and the electrical mobility is zero. The protein or the protein surface is called 
isoelectric. The isoelectric point, therefore, is most difficult to determine di- 
rectly. At best it can be determined accurately only by interpolation, because 


*From the Electrophoresis Laboratory and the Department of Physiology, Columbia 
University, and the Medical Service of Dr. George Baehr and the Laboratories of the Mount 
Sinai Hospital, New York. 
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methods for determining the isoelectric point directly are not sufficiently sensi- 
tive to show the small movement which, for example, would be given by a net 
charge equivalent to 0.01 electron. 

One frequently finds the expression ‘‘isoelectrie range’’ in connection with 
proteins like insulin and casein. Although the zone of insolubility of casein 
may extend over a wide pH range, its isoelectric point, as well as that of insulin, 
is sharp. Indeed, the rate of change of the electrical charge or of the electric 
mobility with pH is not accurately represented by the insolubility curve in the 
zone of the isoelectric point. It lies somewhere near the center of this curve, 
but calculations designed to determine the isoelectric point of proteins from the 
zone of insolubility are difficult. The isoelectric point should be taken directly 
from mobility-pH curves. The term ‘‘isoelectric range’’ and similar expressions 
should be replaced by the ‘‘zone of insolubility near the isoelectric point’’ or 
similar expressions which refer to the experimental technique used to deter- 
mine physical characteristics of the protein in question. 


EARLY EXPERIMENTS ON SEPARATION 


As long ago as 1912 Michaelis and Davidsohn? found that the isoelectric 
point of hemoglobin under certain conditions was pH 6.8. This point was un- 
affected by the addition of 1 per cent of serum albumin to the hemoglobin solu- 
tion; that is, each protein migrated essentially independently of the other. The 
fact that proteins may exist in solution independent of one another and irre- 
spective of the values of their net charge is well borne out by the behavior of 
proteins in serum. Aside from these early experiments of Michaelis little atten- 
tion was given to this aspect of protein chemistry up to the work of Tiselius in 
the last decade.* Speaking generally, mutual precipitation of charged colloids 
is observed only when at least one of the substances is easily precipitated by 
electrolytes. In harmony with this, Tiselius found that mixtures of proteins 
of opposite sign and of great difference in net charge were usually stable, al- 
though this was not always the case. Tiselius studied the effect of Bence-Jones 
protein on phycoerythrin and found that the change in the electrical mobility 
of the two proteins in mixtures was not marked, although their charges were of 
opposite sign. Using ultraviolet photography to bring out the boundary of the 
protein in a U-tube of somewhat conventional design, Tiselius found that the 
boundaries of uniform proteins in their artificial mixtures were reasonably well 
defined. Since these early experiments by Tiselius have been definitely super- 
seded by his own experiments and by those of investigators who have used his 
technique, they will not be cited in detail here. The reader interested in the 
history of the subject should read the appended references.*® 

We must not forget that the microscopic method of electrophoresis may also 
be used to separate particles having different electrical charges.? Thus, one of 
us (H. A. A.) has been able to distinguish between the blood cells of different ani- 
mals using the method of electrophoresis and has repeatedly studied the purity of 
erystalline precipitates by examining their suspensions in the microelectro- 
phoresis cell. By this method insoluble impurities which have different elec- 
trical mobilities may be readily observed. In particular may be mentioned the 
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analysis of a ‘‘purified’’ suspension of hemoglobin erystals which proved to be 
surrounded by myriads of particles of different electrical mobility—stroma 
fragments. 


A technique for removing different constituents which had been separated 
by an electrical field was that of Ottenberg and Stenbuck.? The apparatus of 
Ottenberg and Stenbuck, however, does not form suitable boundaries. This 
difficulty was partly overcome in the apparatus designed by Theorell.® Theorell’s 
U-tube is separated into various compartments by means of disks, so that analy- 
sis may be made of the contents of each compartment. However, up to the 
time that Tiselius described his new electrophoresis cell (1937), many of the 
early difficulties of the moving boundary method were still present in the equip- 
ment available. Let us examine these difficulties: (1) Proteins must be in a 
salt solution, making the current high, whereby convection and mixing ensue 
due to the generation of heat. (2) They usually have low electrical mobilities, 
differing little one from the other. (3) In order to get separation very long 
tubes would have to be employed if the electrical mobilities were close to one 
another. (4) Proteins are usually colorless and not easily observed. 
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Fig. 2. 
Fig. 1.—General scheme of electrophoresis cell with electrode arms after Tiselius. 
Fig. 2.—A tall electrophoresis cell after Tiselius used at Columbia University. 


APPARATUS OF TISELIUS 


The apparatus of Tiselius* has largely overcome these difficulties. This 
apparatus (Fig. 1) consists of a U-tube of rectangular rather than of cireular 
eross section which may be divided into compartments for separation of the 
protein components after they have migrated due to the force of the electric 
field. The use of a narrow rectangular tube with a large surface area increases 
the dissipation of heat, and if used in a thermostatic bath a little under 4° C., 
where the temperature effect of density is a minimum, comparatively large cur- 
rents may be used without convection, so that components having mobilities 
close together may be separated before diffusion causes the boundaries to over- 
lap. In order to get a more complete separation before any component migrates 
out of the U-tube, the entire contents may be made to flow in the direction op- 
posite that of the electrical migration. This may be done either by lowering 
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gradually a plunger by means of a clockwork into the buffer tube toward which 
the migration is progressing, or by flowing fresh buffer into the same buffer tube 
with a mechanically controlled syringe. This tends to raise the level of the 
liquid on the same side, and since the system seeks hydrostatic equilibrium, 
there is a flow through the U-tube to the other side. A modification in which 
one buffer tube is closed has been used.'° In this case compensation is achieved 
by foreing buffer either into or out of the closed side. 

A single-sectioned tall cell suggested by Tiselius and used in this labora- 
tory (Columbia), schematically shown in Fig. 2, effectively increases the length 
of the U-tube. The components can migrate the whole length of the tube in- 
stead of only half of it, as in the case of the divided cell (Figs. 1 and 4). The 
bottom section and one leg are filled with the protein solution, while the other 
leg is filled with buffer. The absence of the middle plates allows complete 
visibility, so that no boundaries may be obscured. This cell is used only for 
analytical purposes and not for recovering separated material. 


Fig. 3.—a, Three component mixture in a horizontal system; b, an electric field has acted on 
the three component mixture. 


Before discussing the optical method adapted by Tiselius for observing 
colorless boundaries, the electrophoresis of a three-component mixture will be 
considered. In Fig. 3a let the three horizontal lines be a mixture of proteins 
in a horizontal system (for simplicity), forming boundaries with the buffer 
solution at points marked B and B’. Let protein p have an electrical mobility 
of one unit, protein p’, two units, and p”, three units. Let a uniform electric 
field be applied. After a given period the components will be moved to a posi- 
tion shown in Fig. 3b. It is evident that by making a segregation at Y and at 
B, a portion of p and of p” can be obtained in pure form. It is observed, how- 
ever, that at different points in the system there will be mixtures of p and p’, 
p, p’, and p”, and p’ and p”, and that p’ cannot be obtained in pure form at 
all. If one starts with the three constituents in a U-tube instead of a horizontal 
tube, the same phenomena occur. In Fig. 4, a shows the protein solution before 
migration has begun; b, after the components have begun to migrate; and c, 
after compensation has pushed the boundaries to the ideal position for sepa- 
rating pure p and pure p”. 

The visualization of colorless boundaries was accomplished in the follow- 
ing way: Advantage was taken of the fact that wherever there are differences 
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of concentration of protein in solutions there will be a refraction gradient, be- 
_eause the greater the concentration of protein the smaller-the velocity of light. 
Deflection of light passing through these zones of refraction gradients may be 
detected by an adaptation of an old method of observing defects in telescope 
lenses. A boundary with sufficient protein acts as if it were a defect in the 
lens system, and these defects may be photographed and the position of the 
boundary may thus be marked. In addition, by suitable optical equipment, the 
concentrations of the materials forming the boundary may be obtained. 


t, 
—= > 




















e 


al 


PROTEIN {|| BUFFER | 


OLUTION 





| s 

















p+ pp 


dad 
Fig. 4.—a, The protein solution before migration has begun; b,-after the components 


have begun to migrate; c, after compensation has pushed the boundaries to the ideal position 
for separating pure p and pure p.” 
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LENS TESTED 
Fig. 5.—Diagram illustrating method of detecting defective spots in lens by means of an 
opaque, exploring diaphragm. In practice the exploring diaphragm intercepts the deviated rays. 
For explanation see text. 
The optical basis of the schlieren or streak method is described in great 
detail in many places and suitable references are appended."' It is dependent 
upon a method of Foucault,* who devised an accurate technique to test lenses 


*This method was originally used by Foucault to test telescope mirrors. 
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for chromatic and spherical aberration. Foucault employed light from a dis- 
tant source which he brought to a focus by the lens to be tested (Fig. 5). A 
diaphragm is placed so that it just covers the image formed at f, the focal point 
of the lens. An observer looking through a telescope behind the diaphragm and 
focusing on the lens observes only the rays which fail to converge to a single 
point at f. These rays which do not strike the diaphragm come from defective 
portions of the lens and their position is imaged in the telescope. This pro- 
cedure was reversed by Toepler who by intercepting the deviated rays made the 
defective portion of the lens appear dark in the telescope. The present method 
used for detecting concentration gradients in the electrophoresis cell is an adap- 
tation by Tiselius of the Toepler method. If the lens is replaced by the protein 
solution, the protein gradients at the boundaries appear as defects, giving dark 
bands where the boundaries occur. Of course, there must be a converging lens 
(schlieren) just behind the cell containing the solution to bring the rays to a 
foeal point. The walls of the cell, the converging lens, and telescope lens 
must be without defects in order to have true representation of the boundaries. 


APPLICATION TO SERUM PROTEIN 


The history of the analysis of serum contains numerous attempts to frac- 
tionate serum into constituent proteins ever since serum albumin was ecrystal- 
lized by Guerber.*? Although serum could be separated into several fractions 
which had different solubilities, these fractions did not fulfill the criteria re- 
quired to establish them as chemical individuals. Thus Sgrenson conceived of 
serum as a system composed of reversibly dissociable components. Indeed, it 
was felt that many fractions isolated from serum may have been the results of 
the treatment of the serum during their isolation. Recently Block!* came to 
the conclusion that ‘“‘serum does not contain several independent proteins. 
The fractions isolated by physical chemical methods are not pre-existent in 
serum but result from the technique employed.’’ Although the ultracentrifuge 
(Svedberg and others) gave much valuable information regarding the nature 
of serum and its proteins in normal and pathologie conditions, it remained for 
Tiselius to provide a simple means of attack capable of removing the fractions 
of serum protein after their separation. It was found, using the method of 
Tiselius, that serum placed in an electric field without preliminary salt pre- 
cipitation separates into zones of different electrical mobilities. These com- 
ponents could be isolated and were homogeneous in behavior. In Fig. 6 serum 
albumin is observed to have the greatest electrical mobility, and instead of two 
globulins as were commonly supposed to exist in serum, three globulins are 
found. These are called alpha, beta, and gamma globulin in the order of their 
electrical mobilities. Similar patterns are observed in horse, human, rabbit, and 
other sera. In order to get the most clear-cut results, the experiments are per- 
formed with serum diluted approximately three times. Once isolated by elec- 
trophoresis, the separate constituents of serum exhibit electrical mobilities which 
are essentially the same as those found in the serum itself. This is important 
evidence that the individual constituents are present in the serum and does not 
support the theory that serum is a continuous mixture. 
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NORMAL AND PATHOLOGIC SERUM 


A comparison of the protein composition of normal and pathologic sera 
has been made by Longsworth, Shedlovsky, and MacInnes, as well as by others 
using the technique of Longsworth.’* In Fig. 6 are shown their electrophoretic 
diagrams of normal serum and sera of patients with pneumonia, peritonitis, 
rheumatic fever, peritonsillar abscess, and acute lymphatic leucemia. It will 
be noticed that all of these diseases exhibit an increase in globulin as deter- 
mined by the areas under the curves representing the different proteins. 
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; Fig. - 6.—Longsworth diagrams showing the various constituents of sera in different 
diseases. These diagrams are copies of similar illustrations published by Longsworth, Shed- 
lovsky, and MaclInnes. 


ELECTROPHORESIS OF ANTIBODIES IN ALLERGY 


Newell, Sterling, Oxman, Burden, and Krejei!® have separated antibodies 
from allergic serum by the method of electrophoresis. Euglobulin and pseudo- 
globulin prepared by the older methods are mixtures of globulins isolated by 
electrophoresis. Euglobulin is essentially the beta and gamma globulin, while 
pseudoglobulin consists of alpha and gamma globulin. Antibodies, in general, 
have been found particularly in the pseudoglobulin fraction of the serum cor- 
responding to the alpha and gamma fractions. This was found to be the case 
for the skin-sensitizing antibody by Sherrer’® and by Stull, Glidden, and Love- 
less'’ by fractional precipitation of pseudoglobulin. Newell and co-workers kept 
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their serum as concentrated as possible and dialyzed for two days against 
physiologic saline containing 0.02 M phosphate for buffer. The pH was about 
8.1. By collecting and analyzing the separated gamma and beta globulin, it 
was found that the skin-sensitizing antibody was in the gamma globulin frac- 
tion of serum. To check these results serum fractions were examined, using 
similar techniques for antitoxin against staphylococcus hemolysin. In eight 
experiments the antitoxin was found only in those fractions which contained 
gamma globulin. The distribution, therefore, was the same as for the skin- 
sensitizing antibody. 

- Sera from three rabbits which had been sensitized by Newell and others 
with alum-precipitated ragweed extracts were cooled and tested for the pre- 
cipitin reaction with concentrated ragweed solution. The supernatant liquid, 
following precipitation, was separated in the Tiselius apparatus, and the upper 
positive and upper negative fractions were tested against ragweed dilutions. 
Tests showed that the gamma fraction contained an antibody to ragweed, whereas 
the upper positive arm contained the faster moving albumin, alpha and beta 
globulins which were inactive. In rabbits, therefore, it was concluded that the 
antibody for ragweed is in the same protein fraction as that found by others 
for anti-egg albumen antibodies. ; 


ELECTROPHORESIS OF ALLERGENS 


Extracts of pollen allergens are colored solutions containing pigment and 
biologically active factors, the nature of which has not as yet been accurately 
determined because: monodisperse systems have not been isolated; that is, there 
is no evidence that the single chemical substances responsible for hay fever have 
been isolated as yet by chemical methods. By electrophoresis, however, it is 
possible to come closer to a solution of the problem. Early experiments to 
determine the electrical nature of the active constituents of ragweed extract 
were published some time ago. It was found that the isoelectric point of 
quartz particles treated with freshly dialyzed ragweed solution was at pH 3.9, 
with this point shifting to pH 4.3 as the solution stood. At the same time 
experiments were begun using the conventional moving boundary method to 
study the electrical charge of the pigment, and to isolate, if possible, the bio- 
logically active constituent. With the development of the Tiselius technique 
the new method lent itself admirably to the separation problem. In Fig. 7, a 
is a diagram obtained by the Tiselius method and the Longsworth seanning 
technique. The US (unpigmented, slow) peak’® is a colorless constituent which 
is highly skin reactive. Note in Fig. 7b that minor pigmented ‘fractions are 
present which migrate with velocities faster than the dominant US fraction. 
The US fraction is highly skin reactive and in certain experiments on skin re- 
active individuals a solution containing 0.0003 mg. of protein nitrogen per 
cubie centimeter gave a positive scratch test. Recent unpublished experiments 
(Fig. 7) with H. Gettner have disclosed that even better fractionation may be 
obtained using undialyzed extract. .We wish to report here in a preliminary 
way on these experiments. Longsworth patterns obtained with the Tiselius 
technique of undialyzed giant ragweed extract indicate that the colorless con- 
stituent previously reported is a dominant probably monodisperse material. 
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The isoelectric point of this material, as well as the mobility, apparently vary 
_with pH very much the same way that the ragweed covered quartz particles did 
in the earlier experiment. These data will be reported elsewhere. 

The electrophoretic analysis of the pollen extract opens an interesting field 
for research. It is desirable that the grass pollens be investigated as soon as 
possible to ascertain whether the immunologic specificity which overlaps among 
the grasses also is manifested in the chemical behavior of the biologically active 
constituent separated by the electrophoretic method. 


a 

Fig. 7.—a, Electrophoretic pattern obtained with undialyzed ragweed extract. The major 
constituent is an unpigmented, slow moving (US) fraction which is also observed in dialyzed 
extracts. The gradation in shading depends upon the presence of pigments. Note the absence 
of — where the US fraction is being left behind by the pigments which migrate more 
quickly. 

b. Another sample of undialyzed ragweed extract after one hour and thirty minutes. 
Electrophoretic pattern to illustrate presence of four pigments in a sample of undialyzed rag- 
weed extract. The US fraction is the major component on the extreme left. Four minor com- 
ponents, faster moving pigments, are found at the lower part of the pattern. In general, six 
pigments may be observed. 

The fractionation of ragweed pollen lends itself to further study of antigen- 
antibody reaction in atopic sera; that is, it would be of interest to investigate 
in detail the reaction of the US fraction, as well as the pigment fractions, with 
allergic sera to see whether the results obtained by Newell and co-workers with 
crude ragweed extract may be confirmed. It is conceivable that the presence 
of pigments inhibits or alters an allergen-reagin reaction. 

Preliminary data obtained with the US fraction in the ultracentrifuge indi- 
cate that its molecular weight is low, probably less than 10,000. 


SUMMARY 


The nature of the charging process of protein molecules leads to statistical 
values of the net charge. The large number of differences in the value of the 
net charge makes the electrophoretic technique desirable for purposes of sepa- 
ration of proteins from one another. This procedure has been greatly improved 
by the development of the Tiselius moving boundary technique. The applica- 
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tion of the Tiselius technique to a study of the components of sera, to the prop- 
erties of allergic antibodies, and to the fractionation of ragweed pollen extract 
is briefly outlined. 
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RECENT PROCEDURES APPLICABLE TO PROBLEMS 
IN LIPID METABOLISM 


H. C. Ecxstern, M.S., Pu.D., ANN Arsor, MICH. 


URING the existence of this JouRNAL abundant evidence for the fact that 

progress in clinical investigations often follows advancement in analytical 
procedure has been presented. It seems fitting, therefore, in contributing to 
this, the Silver Anniversary Number, to call attention to some of the newer 
methods of attack applicable to studies in lipid metabolism. 

The early issues of this JouRNAL contain accounts of the current methods 
for lipid analysis. While considerable information was obtained as a result of 
the use of these procedures, the knowledge gained was nevertheless incomplete 
beeause of the shortcomings of the particular methods employed. The impor- 
tance of the phospholipids in fatty acid transport was demonstrated, and while 
it was suspected that one of these, lecithin, probably played a more important 
role than the others, such a conclusion was not warranted because at that time 
the available method was limited to the determination of the total phospholipids 
only. Nevertheless, it was usually stated that lecithin was the vehicle most 
intimately concerned in this transport. In addition to this, no method was 
available for the direct determination of the small amounts of neutral fat of 
the blood, nor was it possible to ascertain the nature of the acids combined with 
neutral fat or cholesterol. Recent advances have been made which should assist 
in the clarification of these problems. 

Three methods have recently been described whereby a very satisfactory 
fractionation of the phospholipids of the blood can be accomplished. These 
methods are of such a nature that it is not necessary to employ a highly trained 
chemist for their use, since with some practice they should be handled by the 
well-trained laboratory technician. The methods are similar in that in each 
‘ase a quantitative determination of choline is made. Lecithin and sphingo- 
myelin contain approximately equal amounts of this base, whereas none is pres- 
ent in cephalin. Thus by determining total phospholipids and choline the 
eephalin content can be calculated. Williams and co-workers,! as well as Kirk,’ 
rely on the insolubility of sphingomyelin in moist ether for its determination, 
whereas Thannhauser and others*® precipitate the compound with Reinecke’s acid. 
These are distinct advantages over the older procedures which depended entirely 
upon fractionation with various fat solvents. On the whole, the Thannhauser 
procedure seems to be the most desirable of the three because of the direct deter- 
mination of the sphingomyelin, but it requires as much as 60 ¢.c. of plasma or 
cells. A micromethod, based to some extent on the Thannhauser procedure, has 
been developed in the Research Laboratory of the Children’s Fund of Michigan. 
This procedure should be in press in the near future and should be a valuable eon- 
tribution, inasmuch as only 3 ¢.c. of plasma are required. Thannhauser has 
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reported that the sphingomyelin content of normal human serum comprises 
about 10 per cent of the total phospholipids, while cephalin® and lecithin are 
present in approximately equal amounts (45 per cent). Data on pathologic 
blood specimens have as yet not been reported, but the method has been success- 
fully applied to normal human organs. As Thannhauser points out, ‘‘It will 
be of interest to observe whether the values for the various phospholipids vary 
in their proportion in organs under pathological conditions, especially in so- 
called fatty degeneration.’’ Very recently Artom and Freeman,° using a pro- 
cedure consisting of a combination of the Kirk and Thannhauser methods, 
determined the individual phospholipids in the plasma of rabbits after a fatty 
meal and observed that a definite increase in the total phospholipids was only 
oceasionally observed. When this took place, higher values for lecithin were 
generally in evidence, but lower cephalin values were usually encountered when 
the fat was fed. These data indicate that lecithin was the only phospholipid 
eoneerned with the transportation of the fatty acids. The old view that this 
was the case now rests on a more secure foundation. 

In the past the blood phospholipids had been assigned another important 
role. In 1919 Meigs, Blatherwick, and Cary® proposed that these lipids were 
the precursors of the fat of milk. At that time this appeared to be an attractive 
theory, but reinvestigations of the problem by others’ threw much doubt upon the 
proposal. Recently the application of a newly developed method for neutral 
fat, originated by Voris, Ellis, and Maynard® has offered support to an alternate 
and more tenable view. Blood was taken from the subeutaneous abdominal 
vein and iliae artery of the lactating cow and analyzed for neutral fat. The 
results obtained indicate that a removal of neutral fat takes place during the 
circulation of blood through the active mammary gland. This fraction of the 
blood lipids thus contributes to the formation of milk fat. The gland itself 
must, however, also contribute to this phenomenon, since the simple removal 
of neutral fat from the blood stream cannot account for the peculiar composi- 
tion of milk fat, particularly with respect to the presence of appreciable amounts 
of fatty acids of low molecular weight. As is the case with the other procedures 
discussed, the method has only been applied to a small extent, but it should 
prove to be very useful in the future. 


i eat abe wash? seal 


Another recent procedure which should have great possibilities is one de- 
vised by Kelsey® for determining the fatty acids in the different blood lipid 
fractions. The phospholipids are removed by precipitation with acetone, and 
residual lipids are digested with a lipase obtained either from pancreas that had 
previously been treated with ammonia in order to destroy the cholesterol ester- 
ase, or from the castor bean. Under such conditions only the neutral fat is 
split and the fatty acids thereby liberated can be isolated. Those acids com- 
bined with cholesterol can be freed by saponification. Few applications have 
as yet been made of the procedure, and some trouble has been encountered in 
its application to the blood. This -difficulty will probably be overcome. The 
future should bring valuable information from the use of the method, thus 
increasing our knowledge of the types of fatty acids transported by the different 
constituents of the blood lipids under normal and abnormal conditions. 
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Some of the most valuable data on lipid metabolism have recently been 
obtained as the result of the use of isotopes or radioactive elements for labeling 
substances synthesized or formed in the normal living organism. Outstanding 
in the use of deuterium, the isotope of hydrogen, are the investigations of 
Schoenheimer and his associates, whose work has recently been reviewed.” 
These investigators have clearly demonstrated that a continuous synthesis of 
cholesterol and fatty acids takes place in the animal organism. In following the 
fate of various labeled fatty acids, it was demonstrated that those of low molec- 
ular weight disappeared almost explosively, whereas those of high molecular 
weight were, to some extent at least, deposited in the tissues.. These observations 
are in accordance with those obtained by others who had fed the naturally 
oceurring fatty acids. In addition to this it was observed that a conversion 
of saturated to unsaturated acids, and vice versa, also took place in the normal 
intact animal. Palmitic acid was reported as being transformed into homo- 
logues of higher and lower molecular weight, as well as into derivatives con- 
taining one double bond. Although a synthesis of oleic was clearly demon- 
strated, no indication that linoleic acid, Burr’s essential fatty acid, could be 
formed de novo was achieved. Cetyl alcohol, a constituent of normal feces, was 
also found to be synthesized in vivo and was proved to arise from palmitic acid. 
When this alcohol was labeled with heavy hydrogen and fed to rats, deutero- 
palmitic acid, as well as deutero-stearic acid, was isolated. This alcohol was 
thus assigned the role of an intermediate between these two acids, and it was 
suggested that other fatty acids might be formed similarly from other alcohols. 
While many transformations referred to above have been suggested by the 
work of others, Schoenheimer’s data are probably the first clear-cut demonstra- 
tion of their occurrence in the normal intact animal organism. 

The phospholipids have not been overlooked by those interested in this new 
method of investigation. This phase of the question has been reviewed several 
times by Hevesy, his latest contribution appearing in the Annual Review of 
Biochemistry of 1940.11 Chaikoff and his co-workers at the University of Cali- 
fornia have studied the phospholipid metabolism of different tissues of the 
white rat and have observed that a formation of new phospholipids takes place 
almost continuously in all the tissues investigated.’* 14 The activities of the 
tissues as far as this phospholipid turnover is concerned were ranked in the 
following order: liver and small intestine, very active; kidney, moderately 
active; stomach and large intestine, slightly active; and central nervous system, 
sluggish. In many respects these results are in accordance with the concep- 
tions of Sinclair*® who employed elaidic acid as a tool for following lipid metab- 
olism. Chaikoff** has also demonstrated that the turnover in the liver is inde- 
pendent of the one taking place in the gastrointestinal tract, since it occurs 
even when that whole tract is removed. This emphasizes anew the importance 
of the liver in fat metabolism. These same workers have also observed that this 
turnover in the liver can be accelerated by the administration of choline’® and 
depressed by cholesterol. Such data offer an explanation of the fact that 
whereas fatty livers can be produced by feeding diets rich in cholesterol,'® the 
administration of choline® prevents the accumulation of fat. Betaine has like- 
wise been found to exert a lipotropie action,?° and like choline it has been shown 
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to stimulate the turnover of phospholipids in the liver.2'. In their most recent 
work the California investigators”? report that the amino acid methionine has 
a similar effect on the hepatic phospholipids. This was to be anticipated in the 
light of the demonstration?® ihat this amino acid, like choline, prevents the 
formation of fatty livers of rats on low protein-high fat diets. In contrast to 
this, cystine, the other naturally occurring sulfur-containing amino acid, actually 
causes an increase in liver fat.2* It was indeed surprising to find in this latest 
report by Chaikoff that cystine, like methionine, also stimulates the phospho- 
lipid turnover in the liver. This observation makes it difficult to explain the 
opposite effects on the total liver lipid contents that have been almost regularly 
observed when these acids were employed separately as supplements to low 
protein-high fat diets. It would be of interest to determine what influence 
Dragstedt’s ‘‘lipocaic’’ would have upon this turnover. According to Drag- 
stedt,?> the action of lipoecaic on fatty livers is different from that of choline, 
and if this is the case, perhaps some additional information can be obtained by 
the use of radioactive phosphorus. To date, Chaikoff and his co-workers have 
not fractionated the phospholipids, and it is impossible to state which of these 
were labilized as a result of the administration of choline and allied substances. 
In the light of the work of Chargaff,?° however, it is probable that the lecithin 
fraction is the more labile one. Chaikoff and his aides?’ have determined the 
total phospholipid turnover of four different tumors transplanted into mice and 
report that the speed of this reaction resembles that of the more active tissues 
_as the liver and kidney rather than that of the more stable muscles and brain. 

In concluding this discussion it is fitting to call attention to the excellent 
work on the blood lipids that is being done in the Research Laboratory of the 
Children’s Fund of Michigan. This group. has not been content merely to de- 
termine the distribution of the lipids in the plasma and erythrocytes but has 
investigated the platelets and developed a method for the preparation of the 
stroma suitable for subsequent analysis.** Detailed studies, including total 
lipids, individual phospholipids, cholesterol, cholesterol esters, and neutral fat, 
have been made of the bloods of different species. A close relationship between 
size of cell and lipid content was shown to exist, the big avian cells containing 
large amounts of total lipids, the little sheep cells small amounts, with the human 
erythrocytes intermediate with regard to size and lipid content.?® Almost all 
the lipids in the corpuscles of mammalia were found to be segregated in the 
stroma, indicating that these lipids are not concerned with the transport of 
fatty acids, but play a structural role in the makeup of the red blood cell.?° 
Cephalin, which is not generally believed to be as intimately connected with 
lipid metabolism as is lecithin, was found to be the predominating lipid (45 
per cent). The total lipid content, as well as the distribution of the individual 
phospholipids of the platelets, was found to be essentially like that of the 
stroma, the phospholipids comprising approximately 75 per cent and primarily 
in the form of cephalin.*® This lipid has been assigned a role in the phenomenon 
of blood coagulation, and for this reason platelets obtained from a number of 
hemophiliacs were examined. Although a delay in disintegration time was 
clearly demonstrated, no deficiency in cephalin content was observed.*° Thus the 
hemophiliae is abundantly supplied with cephalin; this raises the question as to 
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the delayed clotting time. Is the difference due perhaps to a variability of the 
eonstituent fatty acids in the cephalin molecules of the hemophiliacs? Unfor- 
tunately, micromethods applicable for determining the chemical nature of the 
fatty acids present in the small amounts of lipids obtainable from the platelets 
are as yet not available to answer this question. There is a definite need for 
such a procedure. Platelets obtained during menstruation, as well as those 
from one ease of congenital thrombopenic purpura, were likewise found to be 
normal so far as lipid content and distribution are concerned.*? 
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CLINICAL STUDIES OF THE ORGANIC ACID-SOLUBLE PHOSPHORUS 
OF RED BLOOD CELLS IN DIFFERENT ACIDOTIC STATES* 


GrorGcE M. Gurst, M.D., AND S. Rapoport, M.D., Pa.D. 
CINCINNATI, OHIO 


acento phosphaturia in diabetes was noted and extensively studied 
around 1900 by von Noorden, Mandel and Lusk, and others.*’ In 1907 
Fitz, Alsberg, and Henderson? found that hydrochloric acid given to rabbits 
by stomach tube led to greatly increased excretion of phosphates in the urine. 
These and other investigations of that period led to an understanding of the 
role of the urinary phosphates as buffer substances, and of the important mech- 
anism by which the secretion of phosphates serves to conserve the base stores 
of the body in acidosis.? For many years thereafter, however, little was learned 
concerning the physiologic adjustments which could permit or effect such changes 
in the urinary phosphate excretion. 

In 1924 Haldane and his co-workerst found that a reduced concentration 
of organic acid-soluble phosphorus in the blood cells was associated with large 
losses of phosphorus in the urine during ammonium chloride acidosis. They 
pointed out then that some of the bad effects of prolonged acidosis might be 
due to the depletion of the phosphorus reserves of the body.. In 1927 Byrom® 
found a great reduction in the concentration of the organic acid-soluble phos- 
phorus (ester P) in the blood cells during severe diabetic acidosis. In 1937 
Rapoport® identified as diphosphoglyceric acid the fraction of the organic acid- 
soluble phosphorus in the blood cells that decreased during ammonium chloride 
acidosis; and later the diphosphoglycerate fraction in the blood cells was found 
to be similarly decreased in diabetic acidosis.?. Diphosphoglycerate in the blood 
appears, therefore, to be one source of the increased amount of phosphorus ex- 
ereted in the urine in these two types of acidosis. 

Contrasted with the phenomenon of increased phosphaturia in these types 
of acidosis, the excretion of phosphates in the urine was long known to be dimin- 
ished in conditions with impaired renal function. In such conditions, an increase 
of inorganic phosphorus in the blood was accorded considerable diagnostic and 
prognostic importance as a sign of failure of renal function. Marriott and How- 
land® in 1916 stressed the importance of the retention of inorganic phosphates as 
a factor in the production of nephritic acidosis. While the importance of this 
factor was debated by many investigators during the succeeding years, little 
attention was paid to the organic acid-soluble phosphorus compounds of the 
blood cells. In 1927 Byrom and Kay® found an increased concentration of 
ester phosphorus in the blood cells of patients with severe nephritis, and in 
1934 Ashley and Guest’? found similar changes in the blood cells of rabbits and 


*From the Children’s Hospital Research Foundation and the Department of Pediatrics, 
College of Medicine, University of Cincinnati. 
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dogs following the suppression of renal function by bilateral ureteral ligation, 
mercuric chloride poisoning, and diphtheria intoxication. ‘Later, the increases 
of organic acid-soluble phosphorus in. the blood cells under such conditions were 
accounted for in the diphosphoglycerate fraction.” 1* 7” 

Diphosphoglycerate normally makes up about half of the organic acid- 
soluble phosphorus of human blood. In a number of conditions, however, its 
concentration in the blood cells has been found to vary between wide limits: 
increased, after pyloric obstruction, following overdosage with irradiated ergos- 
terol, and in nephrotis; decreased, in experimental rickets and in certain aci- 
dotie states. In such conditions, the changes in the blood cells probably reflect 
to a high degree the related and interdependent chemical changes which occur 
concomitantly in other body tissues. Thus, the concentrations of the acid- 
soluble phosphorus compounds in the blood, and the speed and direction of the 
reactions by which they are synthesized and decomposed, may constitute valu- 
able indices of the state of the phosphorus stores and phosphorus metabolism 
of the whole body. 


The data presented here demonstrate changes in the blood which have 
been found in acidotie states due to four different causes: the ingestion of 
ammonium chloride, diabetes mellitus, gastroenteritis in infants, and severe 
nephritis. The discussion that follows is designed to call attention to various 
factors which may influence such changes, and to emphasize their significance 
in the chemical pathology of these conditions. 


METHODS 


The methods used in these investigations are described elsewhere,” ** except 
for minor modifications. 


In Tables I to IV, data on the phosphorus distribution in different types 
of blood are correlated with values, determined in the same samples, for the 
carbon dioxide content of serum, chloride concentrations in serum and cells, 
and serum pH. Chabanier and Lévy and co-workers'*-!* have emphasized the 
value of the ratio between concentrations of chloride in cells and serum (C1, :Cl,) 
as a measure of acidosis in clinical diagnosis. While this ratio is primarily de- 
pendent upon the pH of the blood, it appears to have additional importance in 
relation to changes of the organic acid-soluble phosphorus in the blood cells. 


AMMONIUM CHLORIDE ACIDOSIS 


Data in Table I illustrate changes found in the blood of one of us (S. R.) 
after the ingestion of 25 Gm. of ammonium chloride by mouth, in divided 
doses, on two successive days and 12 Gm. the third day. During three days 
of development of acidosis, the excretion of phosphorus in the urine was greatly 
increased, as has been observed repeatedly in this type of experiment by other 
investigators. Data in the two columns of Table I represent the findings on 
blood samples drawn before the experiment and at the end of the third day. In 
the latter sample, concentration of the blood is shown by the increased volume 
and number of red blood cells, and by the increased serum protein. The serum 
pH fell from 7.37 to 7.06. The carbon dioxide content of the blood decreased 
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more in the serum than in the cells; and the concentration of chloride increased 
more in the cells than in the serum. The inorganic phosphorus in the whole 
blood decreased slightly. The concentration of organic acid-soluble phosphorus 
in the cells decreased markedly, and this decrease was practically all accounted 
for by a nearly equal decrease in the diphosphoglycerate. ; 

This experiment has been reported elsewhere, with a chart illustrating: 
intermediate changes found in blood samples drawn during the development of 
acidosis and during recovery.** 

TABLE I 
AMMONIUM CHLORIDE ACIDOSIS 


DATA ON THE BLOOD OF S. R., BEFORE AND AFTER TAKING 62 GM. OF AMMONIUM CHLORIDE BY 
MovutH IN DIviIDED DosES DURING THREE SUCCESSIVE Days 








BEFORE 


Volume of cells in whole blood (%) 42.9 

Red cell count (millions per ¢. mm.) 

Hb in whole blood (Gm. per 100 ¢.c.) 

Protein, serum (Gm. per 100 c¢.c.) 

pH of serum 

CO, content, serum (meq. per 1) 

CO, content, cells (meq. per 1) 

Cl, serum (meq. per 1) 

Cl, cells (meq. per 1) 

Ratio Cl,:Cl, 

Phosphorus (mg. per 100 e.c.) 
Inorganic P, serum 
Organic acid-soluble P, cells 
Diphosphoglycerate P, cells 














TABLE II 
DIABETIC ACIDOSIS 


DATA ON BLoop SAMPLES FROM Two PATIENTS, E. W. AND P. H., DRAWN DuRING COMA AND 
AFTER RECOVERY 








E. W. 
DURING {| 7 DAYS DURING 
COMA LATER COMA 
Volume of cells in whole blood (%) 48.2 47.1 
Red cell count (millions per ¢c. mm.) 5.50 3.55 4.37 
Hb in whole blood (Gm. per 100 ¢.c.) 3.7 : 12.6 
pH of serum 6.84 é 6.87 
CO, content, serum (meq. per 1) 3.8 22.¢ 5.7 
Cl, serum (meq. per 1) ; a 88.5 
Cl, cells (meq. per 1) D6. 66.6 
Ratio Cl,:Cl, a 56 0.75 
Phosphorus (mg. per 100 c.e.) 

Inorganic P, whole blood 
Organie acid-soluble P, cells 
Diphosphoglycerate P, cells 























DIABETIC ACIDOSIS 


Examples of data on blood samples drawn from two patients in diabetic 
coma, and after recovery, are presented in Table II. These patients were adults, 
on the medical service of the Cincinnati General Hospital. Both had been in 
coma several hours before they were brought to the hospital, when the first 
blood samples were drawn. The first patient, E. W., is the subject of a chart 


*Chart 5. 
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in another paper,’* a chart which shows graphically the progressive changes 
which were found in the blood samples drawn from this patient at intervals 
during the recovery period. From a series of similar patients thus far studied, 
_ these two are selected for presentation here because of striking differences in 
concentration of chloride in the blood serum in the two initial blood samples. 
In the first samples of blood drawn from both patients, a severe degree 
of acidosis was indicated by the extraordinarily low values for pH and carbon 
dioxide content of the serum, and with these changes the concentration of or- 
ganic acid-soluble phosphorus and diphosphoglycerate in the cells was very low. 
While the concentration of chloride in the serum was relatively high in the 
serum of one (E. W.), and low in the serum of the other (P. H.), the concen- 
tration of chloride in the cells of both was increased, and the ratios Cl,:Cl, 
were very high. The high inorganic phosphorus in the first sample of blood of 
P. H. ean be ascribed to severe dehydration and beginning failure of renal 
funetion. After recovery all values returned to within normal limits. The 
recovery of a normal chemical structure of the blood varies in individual eases, 
however, and does not necessarily parallel symptomatic recovery. 






















TABLE IIT 






ACIDOSIS DUE TO GASTROENTERITIS IN THREE INFANTS 


















































D. C. J.B. w.S. 
(AGE, 1 Mo.) (AGE, 2 MO.) (AGE, 7 MO.) 

Volume of cells in whole blood (%) 44.1 35.0 48.5 
Red cell count (millions per c. mm.) 4.29 3.30 6.2 
Hb in whole blood (Gm. per 100 ©.c.) 14.8 10.6 16.3 
Urea N (mg. per 100 e.c.) 73.0 
CO, content, serum (meq. per 1) 5.3 4.9 10.8 
Cl, serum (meq. per 1) 114.0 119.0 114.0 
Cl, cells (meq. per 1) 101.1 90.7 
Ratio Cl,:Cl, 0.89 0.76 
Phosphorus (mg. per 100 e.c.) 

Inorganic P, whole blood 6.3 7.8 2.8 

Organic acid-soluble P, cells 30.8 28.2 25.5 










ACIDOSIS OF GASTROENTERITIS IN INFANTS 


In Table III are listed data on blood samples from three infants, 1, 2, and 
7 months of age, respectively, suffering from acute profuse diarrhea, dehydra- 
tion, and severe acidosis. In a series of cases of gastroenteritis thus far studied, 
the blood changes illustrated here are typical of the state of acidosis that de- 
velops in infants when severe diarrhea is attended by little or no, vomiting. 
Other types of change are found, however, when excessive: vomiting, renal 
impairment, and other factors play variable roles in the disturbance; these will 
be treated more fully in later communications. 

In each ease the carbon dioxide content of the serum and the concentration 
of organic acid-soluble phosphorus in the cells was very low. The concentra- 
tion of chloride was increased in both serum and cells, and the ratio Cl. :Cl, 
was very high, indicating a very low pH. More complete analyses were not 
made because of the limitations imposed by the small blood samples available. 















*Chart 7. 
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Other investigators have demonstrated, however, that the state of acidosis in 
this type of disturbance is characterized by a low concentration of total base 
in the blood serum, i.e., a base deficit due to losses of base in diarrheal stools.*”"* 


TABLE IV 


NEPHRITIS 


EXAMPLES OF DATA ON BLOOD SAMPLES FROM PATIENTS WITH VARYING DEGREES OF RENAL 
IMPAIRMENT AND IN DIFFERENT CONDITIONS OF ACIDOSIS 








1 2 3 
E.S. C. P. P. G. 
Total cells in whole blood (%) 22.8 
Red cell count (millions per c. mm.) 2.04 2.47 
Hb in whole blood (Gm. per 100 e.c.) 4.4 7.2 6.3 
Protein, serum (Gm. per 100 ¢.c.) 
Nonprotein N (mg. per 100 c.c.) 76.0 
pH, serum 
CO, content, serum (meq. per 1) 3.2 
Cl, serum (meq. per 1) 105.3 
Cl, cells (meq. per 1) 79.4 
Ratio Cl, :Cl, x 0.75 
Calcium, serum (mg. per 1) ; 8.2 
Phosphorus (mg. per 100 e.c.) 

Inorganic P, whole blood E 9.4 
Organic acid-soluble P, cells , m 35.6 
Diphosphoglycerate P, cells 























NEPHRITIS 


Data in Table FV permit comparisons of different patterns of blood changes 


found in four patients suffering with severe impairment of renal function of 
varying duration and severity. The data indicating anemia, low carbon dioxide 
content, and high concentrations of nonprotein nitrogen and of inorganic 
phosphorus in the blood are characteristic of nephritie acidosis. However, the 
concentrations of organic acid-soluble phosphorus in the cells, and of chloride 
in the serum and eells, differed widely among the four blood samples repre- 
sented here. A tentative interpretation of the significance of these findings 
is offered in the discussion that follows. 


1. Subacute bacterial endocarditis, hemorrhagic nephritis. E. 8., white female, 15 years 
of age. Her illness of eight months’ duration began with signs of rheumatic heart disease 
and progressed slowly, with increasing signs of cardiac decompensation, slight edema, 
hematuria, occasional vomiting, ete. Death occurred with convulsions one week after this 
blood sample was taken. 


2. Chronic glomerulonephritis. C. P., colored male, 9 years of age. The duration of 
illness is uncertain. The boy was first admitted to the hospital two years previously, with 
acute nephritis associated with edema, albuminuria, elevated blood pressure, and urea clear- 
ance of only around 3 per cent. During two years he was readmitted to the hospital several 
times with exacerbations of the same symptoms. He died two days after this blood sample 
was taken. 

3. Renal rickets. P. G., white male, 9 years of age. <A diagnosis of congenital mal- 
formation of the bladder, hydronephrosis, and renal rickets was made when this boy, at the 
age of 5 years, was first brought to the hospital because of poor development and poor 
weight gain, occasional vomiting, and urinary incontinence. His renal function measured less 
than 10 per cent of phenolsulfonephthalein excretion in two hours. At the time this blood 
sample was taken, he had been brought to the hospital after five days of increasing illness, 
apparently precipitated by a mild respiratory infection. He was then very drowsy, breathing 
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was labored, and the blood showed an extreme acidosis. Following the administration of 
sodium bicarbonate to correct this acidosis, he showed a remarkable transient improvement 
of his symptoms, but he died a month later. 


4. Nephrosclerosis, R. H:., white male, 13 years of age. The duration of illness is 
uncertain. There was a history of increasing weakness, anemia, muscle cramps, ete., since 
less than 2 years; pus and albumin in the urine were noted by physicians during the same 
period. The mother reported having seen ‘‘strings of pus’’ in the urine since infancy. He 
had convulsions during a respiratory infection when 2 years old, but apparently had none 
during an attack of scarlet fever at 6 years of age. During nearly a year’s observation in 
this hospital he has had several exacerbations of acute symptoms, with vomiting, marked 
anemia, variable azotemia, and with Trousseau and Chvostek signs occasionally positive. 
This blood sample was taken at a time when he was feeling comparatively well, although it 
was deemed necessary to give him a transfusion shortly afterward because of the lew red 
blood cell count and hemoglobin found in this sample. 


DISCUSSION 


Several recognized functions of the organic acid-soluble phosphorus com- 
pounds of the blood cells have been discussed previously in a series of papers 
based on experimental and clinical studies carried on in this laboratory. These 
substances participate in carbohydrate metabolism, serve in the transport of 
phosphorus in the body for various metabolic needs, and play an important 
role in the maintenance of the acid-base equilibrium of the blood. 


In earlier papers of this series attention was called to a reciprocal relation- 
ship that was observed between changes in concentration of organic acid-soluble 
phosphorus and chloride in the blood cells following pyloric obstruction’? and 
after suppression of renal function.1° More recently available data on the sev- 
eral fractions of the organic acid-soluble phosphorus have permitted a fairly 
complete description of the iohic composition of blood cells, both in the normal 
state and in several conditions in which severe disturbances of the blood electro- 
lytes are known to occur. When the organic phosphorus compounds are taken 
into consideration, close agreement is obtained between the total base and the 
sum of the anions in the cells. Evidence has been presented that the distribution 
of the diffusible ions, H+, Cl-, and HCO,-, between cells and serum depends 
mainly upon the concentration and anion equivalency of diphosphoglycerie acid 
and hemoglobin, the two most important nondiffusible constituents of the 
cells,1% 2° 


Changes in concentration of the organic acid-soluble phosphorus compounds 
in the blood cells appear to be subject to several interdependent factors: the 
functional state of the tissue phosphorus reserves, the excretion of phosphates 
by the kidneys, the changes in concentration of other electrolytes in the blood; 
and also, various factors affecting the reactions of the glycolytic eyele by which 
these phosphoric esters are synthesized and decomposed. Among the latter, 
an important factor is the pH of the blood which is especially to be considered 
in the states.of acidosis discussed in the present paper. In blood incubated in 
vitro, acidification to pH 7.0 to 7.3 leads to a rapid liberation of inorganic phos- 
phorus at the expense of diphosphoglycerate,. while reactions above pH 7.3 
favor the esterification of inorganic phosphorus and synthesis of diphospho- 
glycerate.2?. The fact that decomposition of diphosphoglycerate is favored by a 
range of reactions seen frequently in the blood in vivo offers an explanation 
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of one mechanism by which its concentration in the blood cells is reduced in 
states of acidosis such as those cited in Tables I, IJ, and III. Closely related to 
the effect of pH is the distribution of chloride between cells and serum. Observa- 
tions of reciprocal relationships between changes in concentrations of chloride 
and diphosphoglycerate in the blood cells in a variety of conditions suggest 
that the concentration of chloride in itself may exert an influence on the syn- 
thesis and decomposition of diphosphoglycerate. 

Other phosphorus stores of the body are, however, more important than the 
diphosphoglycerate of the blood as a source of the increased urinary phosphorus 
in acidosis. The fact that during the development of acidosis the increased 
phosphaturia at first is not accompanied by much, if any, increase in calcium 
excretion indicates that the phosphorus of soft tissues is liberated before that 
of bone. Phosphorus compounds of the soft tissues are closely related to those 
of the blood, and apparently are similarly affected by acidotic conditions. A 
‘apidly developing severe acidosis may lead to exhaustion of the labile phos- 
phorus reserves before the large phosphorus stores in bone can be mobilized. 
This loss in turn may lead to a series of interrelated disturbances. Since phos- 
phorus is known to play an essential role in respiration and in carbohydrate 
metabolism, exhaustion of the labile phosphorus reserves can be expected to 
affect adversely the metabolic activity of various tissues. Added to this is the 
fact that the excretion of phosphates and other acid metabolites entails a loss 
of base which, if continued beyond a relatively short time, results in a lowered 
concentration of total base in the blood and tissues. The base deficit thus pro- 
duced is a well-recognized factor in the dehydration of acidosis, and both base 
deficit and dehydration may aggravate the state of acidosis. Thus, acidosis 
from any cause is likely to create a vicious cycle in which different changes 
mutually intensify the severity of each other. 

Such a vicious cycle can be visualized readily in the development of acido- 
sis with gastroenteritis in infants. Losses of base in diarrheal stools result in 
base deficits in the blood and tissues, acidosis, and dehydration. Acidosis favors 
the decomposition of the labile organie acid-soluble phosphorus compounds of 
the blood and tissues, giving rise to increased phosphaturia; with this, losses 
of base in the urine augment those already occurring in the stools. The decom- 
position of diphosphoglycerate proceeds simultaneously with increases in con- 
centration of chloride in the blood cells, shifts in distribution of chloride be- 
tween serum and eells, and changes of pH, so that each set of changes can be 
said to influence the other. 

Failure of excretion of phosphates in the urine, due to acute suppression 
of renal function, is followed by changes of the organic acid-soluble phosphorus 
and chloride in the blood cells in directions opposite to those described as oceur- 
ring in chloride and diabetic acidosis in subjects with adequate renal function. 
Some of the effects of abrupt cessation of renal function have been illustrated 
in another paper in a chart representing blood changes in a dog after bilateral 
nephrectomy.’* Briefly, those changes were progressive increase of nonprotein 
nitrogen and inorganic phosphorus in the blood; increase of organic acid-solu- 
ble phosphorus in the cells, accounted for by equal increases in the diphospho- 


*Chart 3. 
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elyeerate fraction; decrease of HCO, and Cl in both serum and cells. Such 
changes are typical of those found in the blood of many nephritic patients suf- 
fering from acute suppression of urinary excretion. However, not all cases 
commonly ealled ‘‘nephritie acidosis’’ show blood changes falling into this pat- 
tern. 

The values listed in columns 1 and 2 of Table IV are, in fact, very much 
like those found at different times after nephrectomy in the experiment just 
described. In these two bloods, high concentrations of organic acid-soluble phos- 
phorus in the cells accompanied low concentrations of carbon dioxide in the 
serum, and in the second, the chloride was low in both serum and eells. In 
column 3, however, is shown a picture fairly similar to those of other types of 
acidosis previously discussed, i.e., low concentration of organic acid-soluble phos- 
phorus in the cells, with low earbon dioxide content of the serum and a high 
Cl.:Cl, ratio. In column 4 a normal concentration of organic acid-soluble phos- 
phorus accompanies decreased values for both carbon dioxide and pH in the 
serum, and a high Cl,:Cl, ratio. These values probably resulted from a balance 
between the effects of acidosis and of phosphate retention, respectively favoring 
decreases and increases of organic acid-soluble phosphorus in the cells. Differ- 
ences between the response to acidosis in these two patients, represented in 
columns 4 and 5, may have been due to slight differences in their ability to get 
rid of endogenous phosphates, and possibly also to differences in their phos- 
phorus reserves, exhausted more or less during a long period of borderline acido- 
sis. In terminal stages, ‘‘uremia’’ is characterized by great increases of organic 


acid-soluble phosphorus in the cells, with extreme acidosis; under such condi- 
tions the inorganic phosphorus is always very high. Presumably the increase 
of diphosphoglycerate in the cells under such conditions is due to the retention 
of phosphates, but the mechanism by which this increase occurs, together with 
coneomitant shifts in other electrolytes, is by no means clear. 


SUMMARY 


The concentration of organic acid-soluble phosphorus in the blood cells is 
ereatly reduced during severe acidosis in subjects with adequate renal function, 
following the ingestion of ammonium chloride, in diabetic coma, and in infants 
with profuse diarrhea. The decrease is in the diphosphoglycerate fraction, 
which appears to be one source of the increased phosphaturia that occurs in 
these conditions. High, normal, or low concentrations of organic acid-soluble 
phosphorus in the blood cells may be found during acidosis in nephritie subjects 
with low renal function, depending upon different conditions present in individ- 
ual eases. The changes of phosphorus distribution are closely related to the 
state of other electrolytes in the blood, and they appear to constitute a valuable 
index of the functional state of the labile phosphorus reserves of the body. 
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SOME CHEMICAL OBSERVATIONS ON THE HUMAN HEART IN 
HEALTH AND DISEASE* 


Victor C, Myers, Pu.D., D.Sc., AND GEorcE H. Maneun, Px.D. 
CLEVELAND, OHIO 


URING recent years the problem of myocardial failure has been attacked 

vigorously from many directions. Not least among these has been the 
chemical approach to the problem. As the new concept of the chemical nature 
of the mechanism of muscle contraction has been elaborated, new possibilities 
have arisen which, although at the present time in'an embryonic state of develop- 
ment, may ultimately prove to be of great practical importance in clinical 
medicine. 

It is not intended here to attempt to give a review of the entire field of 
the chemistry of the heart and of heart failure. Numerous reviews have ap- 
peared upon the subject, particularly those concerned with the gaseous metab- 
olism of the heart and carbohydrate metabolism. Bodansky and Bodansky* 
have recently summarized the chemical blood changes associated with cardiac 
insufficiency. The present communication will deal largely with a discussion 
of the chemical composition of the heart muscle itself and some of the factors 
that have been found to influence it. 


NORMAL COMPOSITION 


Heart muscle may be divided into an intracellular and extracellular phase, 
similar to that which has received much attention in skeletal muscle. It differs 
from skeletal muscle in that there is relatively more extracellular and less intra- 
cellular phase. Hastings, Blumgart, Lowry, and Gilligan’® have determined the 
normal phase relationships in the dog heart. They found that the water content 
of the intracellular phase paralleled that of other tissues which Hastings and 
his collaborators studied. The water content of the whole tissue is higher than 
that of skeletal muscle, but the extra water is associated with sodium and chloride 
and, therefore, assumed to be extracellular. In young dogs it was found that 
there was more extracellular fluid than in adult dogs. Samples from the left 
ventricle, right ventricle, and septum showed that the intracellular phase was the 
greatest in the left ventricle and least in the right ventricle. 

In the human heart the intracellular phase is likewise smaller than in 
skeletal muscle. This is reflected in the lower concentration of potassium and 
the higher chloride and sodium content of the hearts examined after death by 
the Vanderbilt investigators,?° and by: other workers.22. The right ventricle of 
man contains considerably more extracellular phase than that of the dog, 


*From the Department of Biochemistry, School of Medicine, Western Reserve University, 
Cleveland. 
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causing an apparent wide difference in the concentrations of potassium, creatine, 
phosphorus, and other substances between the two ventricles. However, there 
is no chemical evidence to indicate that this is due in any part to factors other 
than differences in the extracellular water, connective tissue, and fat content, 
all of which are greater in the right ventricle. We have found that the intra- 
cellular constituents, creatine, phosphorus, and potassium, are approximately 
equal in both ventricles when corrected to a constant water content in the 
collagen and fat-free tissue (unpublished observations). 


CREATINE AND PHOSPHORUS COMPOUNDS 


Since the discovery of phosphocreatine by Fiske and Subbarow™ in 1927, 
a number of investigators have directed special attention toward its role in the 
heart. Inasmuch as phosphocreatine cannot be determined in the human heart 
at autopsy, due to its extreme lability, studies upon its variations have been 
carried out either on animals experimentally or on the human heart by observing 
the creatine content. Creatine has proved to be a particularly easy substance 
to study, because, of all the compounds so far investigated, it has shown the 
greatest and probably the most significant variations. Due to its close associa- 
tion as phosphocreatine with the final steps in the transfer of energy from the 
chemical system to mechanical energy, and the ease with which it may be de- 
termined, it has lent itself to the study of many problems as an index of the 
net effect of any disease or experimental procedure upon the heart muscle. 

Creatine is present in heart muscle in about half the concentration it attains 
in skeletal muscle. Phosphocreatine has been reported by various investigators 
as present in concentrations from one-tenth to one-third that of skeletal muscle. 
Its lower concentration in heart muscle than in skeletal muscle cannot be at- 
tributed to a difference in the amount of the intracellular phase, since there is a 
sharp decrease in the ratio of creatine to potassium. The distribution of phos- 
phorus compounds is likewise greatly different from that of skeletal muscle. 
While the total phosphorus of the heart is about the same as that of skeletal 
musele, a much greater part is present in the acid-insoluble fraction, most of 
which is phospholipid. The acid-soluble fraction is accordingly less, and this 
difference may be traced largely to the lower phosphocreatine content of the 
heart. 

The chemical composition of the normal and failing human heart is shown 
in Table I. Where normal data were not available, average values for miscellane- 
ous autopsy eases are given. 

While the full implications of muscle creatine were not recognized until 
the discovery of phosphocreatine in 1927, and its subsequent correlation with 
muscle contraction, creatine has long been regarded as closely associated with 
muscle contraction.’* It is interesting to note that the chemical approach in 
the human myocardium to the problem of heart failure was first attacked 
through this compound and that to date no other substanee has been conclusively 
shown to be as greatly affected by myocardial insufficiency. While much evi- 
dence has accumulated indicating that the loss of creatine is due to failure of 
the chemical system supplying energy for the resynthesis of phosphocreatine, 
creatine nevertheless remains as the outstanding substanee by which the degree 
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TABLE I 


THE CHEMICAL COMPOSITION OF THE HUMAN HEART 
(MILLIGRAMS PER 100 GRAMS) 








NO. OF LEFT ~ RIGHT | 
CASES VENTRICLE VENTRICLE | 


REFERENCE 





Water, Gm. 
Normal i 79.2 Wilkins and Cullen29 
Insufficiency c 81.5 Wilkins and Cullen29 


Chloride 
Miscellaneous 3 182 Muntwyler et al.25 


Sodium 
Normal : Wilkins and Cullen29 
Insufficiency Wilkins and Cullen29 


Potassium 
Normal 5 Mangun and Myers22 
Normal Wilkins and Cullen29 
Insufficiency Wilkins and Cullen29 
Insufficiency Mangun et al.23 


Total phosphorus 
Normal Mangun and Myers22 
Normal Wilkins and Cullen29 
Insufficiency Wilkins and Cullen29 
Insufficiency : Mangun et al.23 


Acid-soluble phosphorus 
Normal ‘ 89 Decherd and Blum11 
Insufficiency Be 72 Decherd and Blum11 


Creatine 
Normal (trauma) 203 Mangun and Myers?22 
Normal (trauma) 183 Herrmann et al.17 
Essentially normal 202 Cowan’ 

Insufficiency _ 147 Cowan8s 
Insufficiency 175 Linegar et al.20 
Insufficiency 122 Herrmann et al.17 


Oxypurine nitrogen 
Miscellaneous 36.9 22.5 Mangun and Myers?1 
Insufficiency } 30.0 22.4 | Mangun and Myers?! 














of deficiency of the chemical mechanism may be evaluated in the human heart. 
This situation arises as a result of the close association of creatine with the final 
step in the transfer of energy to the mechanical phase of contraction and its 
stability and ease of measurement. Phosphocreatine and adenylpyrophosphate 
which are even more closely linked with contraction cannot be evaluated in the 
human heart because of their extreme lability. 

Studies on the creatine content of the human heart began with the work of 
Constabel.’ In essentially normal persons he found values of 170 to 180 mg. 
Lower values were reported in persons whose heart action was poor, particularly 
where fatty changes in the myocardium were evident. 

The greater part of the investigations on the human heart were undertaken 
after the discovery of phosphocreatine. For the sake of clarity, they will be 
discussed from the standpoint of interpretations placed upon them rather than 
chronologic order. 

Normal Values.—The values reported by Constabel’ appear to be low in the 
light of more recent data. Vollmer?® reported averages of 221 mg. and 173 mg. 
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of creatine for the left and right ventricles, respectively. In three normal per- 
- sons, Bodansky? obtained values ranging from 220 mg. to 285 mg., presumably 
in the left ventricle. In 48 human hearts, which he considered to be normal, 
Cowan reported values ranging from 117 mg. to 264 mg., with an average of 194 
mg. In 95 miscellaneous cases obtained within thirty-six hours post mortem, 
Linegar, Frost, and Myers”° obtained an average of 208 mg. and 149 mg. for 
the left and right ventricles, respectively. Herrmann, Decherd, and Oliver” 
reported an average of 175 mg. in 34 hearts which they considered to be essen- 
tially normal. In another series of miscellaneous’ cases, Mangun, Reichle, and 
Myers”? found average values of 199 mg. and 148 mg. in the left and right 
ventricles, respectively. Bodansky, Pilcher, and Duff* studied 212 males and 
88 females and reported average values of 157 mg. and 163 mg., respectively, 
in the left ventricles of the two sexes. 

To gain more accurate information about the normal creatine content of 
the human heart, Mangun and Myers”? obtained samples from a limited number 
of persons whose death was sudden. In 13 eases the creatine content of the left 
ventricle varied from 186 mg. to 218 mg., and averaged 203 mg., and the right 
ventricle varied from 154 mg. to 185 mg., and averaged 165 mg. These values 
were far more constant than the values found in any of our pathologie studies 
and indicate that the normal creatine content of the myocardium is fairly 
uniform, in contrast to variations of large magnitude in both directions in dis- 
eased persons. 

EFFECT OF AGE, SEX, GENERAL CONDITION 


Constabel’ was able to find no correlation between the creatine content of 
the myocardium and age and sex. Later studies, however, indicate that some 
correlation does exist. Seecof, Linegar, and Myers?’ found that the creatine 
content of the newborn infants was approximately the same in both ventricles. 
The creatine content of both ventricles was found to rise rapidly and reach a 
maximum within the first year, after which there was no change up to the age 
of 30. Between the ages of 30 and 50 there appeared to be a slight drop, after 
which the values again increased. However, it is difficult to demonstrate any 
positive correlation during the later years because of the relatively small varia- 
tions and the possibility of the incidence of disease at different age levels affect- 
ing the results. Bodansky, Pilcher, and Duff‘ recorded a slightly higher 
eardiae creatine content in women than in men. 

A comparison of our normal group with miscellaneous pathologic cases 
indicates that the heart tends to maintain a high creatine level in the absence of 
severe cardiae involvement. Only rarely are values below 170 mg. encountered 
in the left ventricle in the absence of myocardial insufficiency or degenerative 
changes in the myocardium. We have encountered numerous eases in which 
the creatine content of the pectoralis major was sharply decreased without 
appreciable decrease in the myocardium. Occasionally the creatine content of 
the heart is low in acute infections, possibly due to a direct action of the bacteria 
or their toxic products on the myocardium. In chronic conditions, such as ear- 
cinoma and diabetes, cardiac creatine values tend to be slightly lower than 
normal, but seldom fall in the range encompassing most cases of myocardial 
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insufficiency. Because of the overlapping of pathologic conditions, it is difficult 
to convey the true status of individual eases in tabular form without accompany- 
ing diagnoses. 

We have encountered numerous eases in our studies in which the myocardial 
ereatine values are elevated markedly without apparent cause. Particularly 
prominent in this group are cases with histories of fever. Daus and Myers (un- 
published data) have recently studied the effect of experimental hyperthermia 
on the creatine content of rat skeletal muscle. They found the creatine content 
increased, partly due to dehydration and partly due to an increased creatine 
content per unit of dry tissue. Whether this increase is due to a loss of muscle 
solids without a parallel loss of creatine, or whether there was an increased rate 
of formation could not be determined from the data obtained. 


In uremia Linegar, Frost, and Myers” found a definite elevation of creatine 
in both heart and skeletal muscles. By the retention of creatinine, the creatine- 
creatinine equilibrium would be shifted toward the former. It is interesting to 
note that Mangun, Reichle, and Myers,”* have also observed a tendency to- 
ward elevation of phosphorus and potassium, suggesting the possibility that the 
extra creatine may be retained as the potassium salt of creatine phosphoric acid. 
Whether this might exert a beneficial effect on the heart by increasing the energy 
and base reserve of the myocardium is an interesting speculation. 


MYOCARDIAL INSUFFICIENCY 


Since the first investigation of creatine in the human heart by Constabel,’ 
it has become more and more apparent that this substance is decreased in the 
failing heart. On this point, all investigators in this field are agreed. The 
work of Vollmer,?* Cowan,’ Linegar, Frost, and Myers,”° Bodansky and Pilcher,‘ 
Herrmann and his associates,'** ‘7 and Mangun, Reichle and Myers,?* have 
clearly demonstrated that a Joss of creatine is usually associated with myocardial 
decompensation. The underlying cause of the decrease in creatine content of 
the myocardium, however, has often been challenged. It has been suggested at 
various times that the decrease in creatine was due to anatomic changes in the 
muscle, to edema, to injury of the cell membranes, permitting its diffusion out 
of the cells, and to hypertrophy of noncreatine containing parts of the cell. The 
final alternative is that the loss of creatine is due to chemical events within the 
cell, an inability to maintain the creatine in the nondiffusible form of phos- 
phoereatine. 


Let us examine more closely the changes that take place in the failing heart. 
Determinations of the water content by various investigators have demonstrated 
that only a small fraction of the drop in creatine content can be assigned to 
this factor.° While there is usually a small increase in the water content of the 
failing heart, and occasionally a significant increase,’* ®® this factor is negligible 
with respect to creatine, although it may be of importance in itself as a factor 
interfering with the metabolic activity of the myocardium. The possibility that 
anatomie alterations, such as fatty infiltration and increases in connective tissue, 
may be responsible have been discounted by workers who have examined the 
heart histologically in conjunction with their analyses.* 1° In our series of 
studies we have determined the water, fat, and collagen content in a limited num- 
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ber of cases and have been unable to demonstrate any serious alterations in 
the values for creatine, phosphorus, and potassium after correction for these 
factors. Occasionally in a heart the fat and collagen content, particularly of the 
right ventricle, have been found to be increased, but these alterations in in- 
dividual cases exerted a negligible effect upon the group of cases studied in this 
manner. It would, nevertheless, be highly desirable to have more extensive 
studies conducted upon the collagen content of the heart, especially in relation to 
age, hypertrophy, and infarction. 

The possibility that injury of the cell membrane is responsible for the loss 
in creatine seems hardly credible. There is ample evidence in the literature to 
indicate that creatine may be taken up by muscle as well as released by it. 
The more plausible explanation, then, would be that the creatine saturation level 
of the myocardium is decreased as a result of a decrease in phosphocreatine. 

The studies of the Vanderbilt investigators”? demonstrated that there is a 
loss of potassium and phosphorus from the heart in congestive heart failure. 
However, there appears to be some conflict of opinion as to. the possible role of 
potassium as a contributory cause in heart failure. Herrmann and his co- 
workers'® coneluded that the slight losses of potassium which they observed 
were not significant. It is true that the per cent loss of potassium from the fail- 
ing heart is considerably less than that of creatine and more variable. The de- 
crease of phosphorus in the failing heart has been confirmed by Mangun, Reichle 
and Myers”* and by Decherd and Blum."! The latter authors demonstrated that 
the phosphorus loss was confined mostly to the acid-soluble fraction, an observa- 
tion in full accord with some of our unpublished studies. 

Work carried out in this laboratory led us to believe that a close correla- 
tion existed between the losses of creatine, phosphorus, and potassium. In 
analyzing data obtained on a series of autopsy cases, it soon became apparent 
that the loss of creatine was far greater on a percentage basis than that of either 
potassium or phosphorus. However, in further studying the results, Mangun, 
Reichle and Myers”* noted that the loss in millimoles was more than twice as 
large for both potassium and phosphorus as for creatine. It was accordingly 
concluded that the observed changes were due to a loss of the dipotassium salt 
of creatine phosphoric acid, together with other acid-soluble phosphorus com- 
pounds. 

In 1937 Burns and Cruickshank’? published a very interesting paper in 
which they studied the effects of asphyxia and fatigue on the excised heart of 
the eat. They found that when the heart was arrested in certain stages of 
asphyxia a loss of phosphagen (phosphocreatine) preceded that of adenylpyro- 
phosphate, with a loss of about 80 and 60 per cent of phosphagen and adenyl- 
pyrophosphate, respectively, with complete asphyxiation. Similar results were 
obtained with the heart of the dog. In the presence of oxygen, however, fatigue 
produced only a slight loss of phosphagen, with a relatively greater loss of 
adenylpyrophosphate, about a 25 and 50 per cent loss of phosphagen and adeny!l- 
pyrophosphate, respectively. 

To determine more accurately what changes took place in the creatine and 
phosphorus compounds of the heart in insufficiency, Mangun and Roberts** 
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studied the distribution of phosphorus compounds in the left ventricle of the 
dog’s heart in late aortic insufficiency. No decrease in either phosphocreatine 
or adenylpyrophosphate was observed in dogs with varying degrees of hyper- 
trophy without decompensation. However, in two dogs in the very late stages of 
aortie insufficiency with decompensation, it was found that there was a decrease 
in ereatine, total acid-soluble phosphorus, phosphocreatine, and adenylpyro- 
phosphate. The most striking change in the hearts of these dogs was the marked 
loss of adenylpyrophosphate, which was decreased about 40 per cent in both 
animals. The loss of phosphocreatine was less apparent, being slightly lower 
than the lowest normal value in a series of 8 normal animals and about 15 per 
cent below the average normal value. The loss of acid-soluble phosphorus was 
completely accounted for by the decreases in adenylpyrophosphate and phospho- 
creatine. The loss of creatine was about half accounted for by the decrease in 
phosphocreatine. 


The findings in the animal experiments of Mangun and Roberts** have 
essentially ‘fitted into our concept of the chemical nature of heart failure. In 
addition, their findings paralleled those of Burns and Cruickshank® on isolated 
animal hearts fatigued in the presence of oxygen rather than their experiments 
on asphyxial arrest. The observations are too few to permit the drawing of 
definite conclusions as to the relative roles of fatigue and anoxemia in decom- 
pensation, but indicate that the former may be the predominant factor. 

The strategic position occupied by adenylpyrophosphate with respect to 
phosphocreatine, glycolysis, energy transfer, and phosphorus transfer seemed 
to warrant further investigations. Since it is impossible to determine the con- 
centration of adenylpyrophosphate in the human heart due to its rapid break- 
down to adenylie acid and subsequent deamination, we attempted to determine 
it by measuring the oxypurine nitrogen content. This we did by treating a 
trichloracetie acid extract of heart muscle with nitrous acid in a boiling water 
hath and subsequently determining the purine bases by the method of Hitchings 
(1933). A preliminary report of nine cases was given before the 1940 meeting 
of the American Society of Biological Chemists. Since that time a total of 
24 cases have been studied. In 6 eases of myocardial insufficiency the average 
oxypurine content of the left ventricle was about 15 per cent lower than the 
average of the remaining 18 cases in the series. Only one of the 6 cases showed 
a relatively high oxypurine content; this was a case of acute rheumatic fever 
of short duration following childbirth. Total acid-soluble phosphorus and 
creatine determinations were also made on this series. In general, these sub- 
stances varied in the same direction as the purine content. In the group with 
insufficiency the total acid-soluble phosphorus was about 15 per cent below that 
of the other eases and the creatine was about 33 per cent lower. . 


CARDIAC HYPERTROPHY 


The question of the effect of cardiac hypertrophy upon the chemical com- 
position of the human heart is of importance both as a phenomenon in itself 
and in relation to myocardial failure. Herrmann and his co-workers'® 17 and 
others look upon hypertrophy as intimately associated with failure, possibly the 
principal factor in bringing about an eventual inability of the metabolic trans- 
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fer between the blood and muscle to keep pace with the increased demands upon 
the energy output. Roberts, Wearn, and Badal** have shown that as a result 
of the increase in diameter of the muscle fibers there is a decrease in the number 
of capillaries per square millimeter of heart muscle. This leads to an increased 
radial distance the metabolites must diffuse from each capillary, a situation 
which may conceivably lead to decreased nutrition and anoxia of the muscle 
fibers. 
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Fig. 1.—The relationship of heart weight to the creatine content of the left and right ventricles 
of the human heart in 195 autopsy cases. 


It is difficult to obtain accurate information upon the effect of hypertrophy 
on the chemical composition of human heart muscle because of the variability 
of the findings and the influence of other factors. Cowan® observed that in 
hearts with hypertrophy the average creatine concentration was slightly higher 
than in hearts without hypertrophy, but did not believe the slight difference to 
be significant. 

In work carried out on human and animal hearts in this laboratory we 
have persistently noted a tendency toward higher creatine, phosphorus, and 
potassium values, with increases in heart weight. These differences, however, 
have been relatively small and of such magnitude as might be expected from 
variations in the amount of intracellular phase in the myocardium. The corre- 
lation between heart weight and chemical composition was most evident in 
eases of sudden death and in the hearts of dogs where the heart weight-body 
weight ratio was used as an index of hypertrophy (Mangun and Roberts, un- 
published data). Most of these hearts, however, were within the range of what 
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is considered to be physiologic hypertrophy. To observe more closely the corre- 
lation between heart weight and creatine content throughout the normal and 
pathologie range, we have arranged the cases studied by Seecof and co-workers” 
and Mangun and associates?” 2* according to heart weights (Fig. 1). It is 
seen that the creatine content of both ventricles is low in hearts weighing less 
than 50 Gm. It rises rapidly, reaching a maximum in the left ventricle in the 
51 to 150 Gm. hearts, and in the right ventricle in the 151-250 Gm. hearts it 
maintains its highest level up to 350 Gm., and then begins to fall, reaching its 
lowest level in adult hearts in the group weighing over 650 Gm. It should be 
pointed out that one should not lose sight of the effects of age and the incidence 
of myocardial insufficiency in these groups. The low heart weight group is com- 
posed of very young persons, less than a year old, and the incidence of heart 
failure increases progressively with each increment of heart weight. Relatively 
high creatine values are frequent throughout the range of heart weights, indi- 
eating that hypertrophy itself does not necessarily limit the saturation level of 
the muscle.” Nevertheless, the fact remains that there is a statistical correlation 
between cardiac creatine content and heart weight. 


SIGNIFICANCE OF THE CHEMICAL CHANGES IN HEART FAILURE 


It has often been stated by clinicians that the observed changes in heart 
musele in congestive failure were most likely due to anatomic changes in the 
musele and, therefore, possessed no significance beyond a reflection of these 
anatomic changes. However, recent studies on electrolytes and water, connec- 
tive tissue, fat, and other constituents of the heart indicate most clearly that 
the pronounced loss of creatine in myocardial failure cannot be explained upon 
that basis. There is a much greater per cent decrease in the concentration of 
creatine than can be explained upon any basis, except that part of the creatine 
has been lost from cells that are still retaining their identity insofar as the 
electrolyte pattern is concerned. In our experience, we are led to believe that 
a considerable part of the electrolyte changes occurring in failing hearts may 
be due to the intracellular disturbances in the phosphorus compounds, notably 
phosphocreatine and adenylpyrophosphate, with a concomitant extracellular 
edema or possibly a diffusion of extracellular electrolytes and water into the 
cells. As pointed out by Hastings and his collaborators,” the present evidence 
permits either interpretation of the observed facts. 


There is now evidence to indicate that simple cardiac hypertrophy is not 
responsible for the chemical changes observed in failing hearts. On the con- 
trary, there appears to be an increase in the creatine content of the heart, and 
of other intracellular constituents, at least until a marked degree of hyper- 
trophy has been attained. These changes may be due largely to an increase 
in the intracellular phase without a parallel increase in extracellular phase. 

It should be stressed that the chemical events which we have observed in 
myocardial failure and experimental aortie insufficiency are those which have 
also been found to occur experimentally in cardiae and voluntary muscle as a 
result of anoxemia and fatigue. These aspects of chemical heart failure have 
been discussed in considerable detail by Herrmann and his co-workers. The 
role of hypertrophy in effecting a possible deleterious influence on the blood 
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supply and gaseous and nutritional exchange of the heart has been the subject 
of numerous experimental studies by Roberts, Wearn, and Badal,?® Herrmann 
and collaborators,'® and others. 

At the present time there appears to be no specific application of our knowl- 
edge of the chemistry of the heart which can be applied to the treatment of 
myocardial insufficiency. Nevertheless, there is a definite relationship between 
the chemical events in the heart and the therapy applied to congestive failure. 
Let us visualize the chemical system in the heart as a series of reactions designed 
to transfer energy from the substances carried to the muscle into mechanical 
energy of contraction. The ability of the heart at any given time to contract 
will depend upon the summated result of all the factors that contribute this 
energy versus all those factors which tend to dissipate, consume, or interfere 
with the production. So far as we know at the present time, phosphocreatine 
and adenylpyrophosphate are the two substances most closely associated with 
the final stage in the transfer of chemical energy to mechanical energy. To 
build up this final reaction to its highest level, the internist is, therefore, inter- 
ested in accomplishing two objectives: increasing the rate at which energy is 
made available and decreasing the demands upon the system. In other words, 
we are interested in maintaining the optimum concentration of phosphocreatine 
and adenylpyrophosphate and yet having it supplying energy at an adequate 
rate, with the least possible dissipation. In the compensated heart the relative 
‘ates of the reactions centering about the phosphocreatine-adenylpyrophosphate 
system are such that energy input and energy expenditure are in equilibrium at 
a point where adequate amounts of phosphocreatine and adenylpyrophosphate 
are present. It is the task of the internist to maintain or improve the physiologic 
conditions which preserve this equilibrium. 

At the present time most of the established methods of treating heart failure 
are probably effective largely because they decrease the demands upon the heart, 
thus permitting the energy input to keep abreast of the expenditure. The 
most outstanding of these types of therapy are rest, digitalis, and the removal 
of edema through regulation of the water and electrolyte balance. The latter 
may exert some direct beneficial effect upon the myocardium by removing edema 
fluid from that tissue, thereby accelerating the metabolic transfer. The possible 
direct action of digitalis upon the heart muscle still remains a subject of con- 
troversy. However, by overcoming tachycardia and irregularities of the heart 
it may decrease the expenditure of energy and increase the efficiency, a highly 
desirable effect from a chemical viewpoint. 

While it is generally believed that the fundamental causes of decompensa- 
tion may be attributed to increased demands upon the heart to perform work 
and decreased ability to perform such work as a result of disturbances in the 
coronary circulation, these considerations should by no means limit the possi- 
bilities of bolstering the heart action by measures directly affecting the myo- 
eardium. Attempts have been made to increase the creatine content of the 
heart experimentally or to prevent its loss by its addition to perfusing fluids, 
but these measures have met with little or no success. Similar attempts to 
increase the intracellular electrolytes of patients by feeding dipotassium phos- 
phate have likewise met with failure.’? Decherd and Herrmann” have studied 
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the effect of various amino acids on the creatine content of the perfused rabbit 
heart. Only dl-alanine appeared to have an effect, and it seemed to act as @ 
ereatine-sparing substance.- Glycine, glutamic acid, arginine, aspartic acid, 
methyl guanidine, and creatine had no such effect. Kalter’? administered glycine 
to patients with heart disease and reported a number of cases in which it ap- 
parently exerted a beneficial effect. Herrmann and Decherd"® have also reported 
some eases in which the administration of glycine appeared to have encouraging 
effects. Such studies are difficult to control, and the interpretations should be 
very cautious, due to the variability of such patients even without therapy. 


The experimental finding that adenylpyrophosphate suffers a severe loss 
in anoxemia and fatigue,’ and in late aortic insufficiency,?* and that there is a 
decrease in the extractive purine content of the human heart in myocardial 
failure?! suggests that disturbances in the metabolism of this compound may be 
of considerable significance. According to Lohmann’s reaction: 


2 creatine plus ATP = 2 phosphocreatine plus adenylie acid 


phosphocreatine and adenylpyrophosphate exist in muscle in equilibrium with 
one another, the phosphocreatine acting as a donor of phosphate to maintain the 
nucleotide in a full state of phosphorylation at times when the transfer of phos- 
phate from phosphopyruvie acid is inadequate. In the failing heart this 
mechanism may not suffice and there would be not only the depletion of the two 
compounds, but also the probability that a considerable part of the free adenylic 
acid would be deaminized to inosiniec acid and thus removed from the system 
until reamination could be effected. It would appear that this problem should be 
investigated, and if this deamination does occur, it might prove of great value 
to learn more about the mechariism of reamination of inosinie acid to adenylic 
acid, and the effect of amino acids and other compounds upon this reamination. 
At present this is purely speculative and must await experimental investigation. 

Finally let us emphasize that a decompensated heart, though it may be 
rendered eapable of performing a limited amount of work sufficient to maintain 
the patient in a state of rest, cannot be considered to have recovered, from a 
chemical point of view, until a complete restitution of the chemical mechanism 
has been effected. Chemical deficiencies of the myocardium associated with, or 
resulting from, myocardial insufficiency must certainly constitute limiting fac- 
tors in the process of recovery. 

The chemical substances discussed in this paper by no means encompass the 
whole realm of possibilities. The number and variety of compounds concerned 
with the metabolism of the heart are constantly expanding, and new facts are 
being uneovered which throw light upon the question of how carbohydrates, 
fats, and proteins, their intermediate products, both in aerobic and anaerobic 
conditions, supply the energy of contraction. It is indeed possible that some- 
where along the way we shall uncover information leading to a direct attack 
upon the complex problem of myocardial failure. 
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KIDNEY PARENCHYMA, CIRCULATING BLOOD PLASMA, AND 
TISSUE FLUIDS IN DIURESIS* 


GEORGE HERRMANN, M.D., GALVESTON, TEXAS 


HERE has been an increasing interest lately in the problems of the ap- 

pearance of edema and of its dissipation by therapeutic measures. The 
development of new agents and of combinations of diuretics based on modern 
conceptions of different points and modes of action of the various types of 
drugs has been responsible for much progress in this field. On the European 
continent an agent is considered as a diuretic only when it increases the 
urinary output to the extent that there is a gross decrease in the body weight. 
Under the influence of Addis,’ in this country we are content to speak of a 
diuresis when, as a result of the exhibition of a given therapeutic measure, 
there is a rise in the urinary output from less than 1 ¢.c. to 3 ¢.¢e. or more per 
minute, an increase of at least 100 per cent. The urinary output rises some- 
times as high as 5 to 10 ¢.e. per minute at the height of the drug effect. How- 
ever, a full explanation of exactly how diuresis is produced is not yet forth- 
coming. Nonnenbruch? has discussed exhaustively a great number of the 


theories of water metabolism and diuresis, certainly many of which are still 
quite abstruse. A tremendous amount of research, experimental and clinical 
investigation, has been vigorously pursued in these fields in many attempts 
to establish the mode of action of diuretics. 


Our clinical studies* prosecuted during the past decade with mercurial and 
xanthine diuretics and combinations of the two drugs have yielded some in- 
teresting theoretical as well as practical information. The comparison of 
diuretics is a simple subject about which much has been written, while the 
theory of diuresis is complex and justifies further discussion. Clinicians must 
not lose sight of the fact that a great volume of work has been done in each 
chapter and each subchapter of water and salt exchange. The phases touched 
upon have been numerous. Studies have encompassed water intoxication; 
the extrarenal storage and relinquishment of fluids and electrolytes; the 
surrender of water by the interstitial tissues; the role of the tissues; the role 
of the liver; the water and salt balance; the water passage through the tis- 
sues; the genesis and significance of tissue edema; water retention and 
diuresis effected by sodium chloride; the plasma volume, electrolyte con- 
centration; albumin and globulin levels and ratios and colloid osmotie pres- 
sure and viscosity; possible effects of water, mercurials, and xanthines on 
electrolyte and plasma protein balances; the role of the capillary walls and 
intraeapillary blood pressure; tissue fluid pressures versus colloidal osmotic 
pressure; the circulation and kidney function; systemie blood, venous, eapil- 


*From the Department of Medicine of the University of Texas, Galveston. 
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lary, and glomerular pressures and blood flow as factors in diuresis; the blood 
constituents in relation to renal function; the kidneys functioning as the 
excretory organ. Many other questions have been studied. Literally hun- 
dreds of investigators have attacked these problems and sought to elucidate 
the complicated mechanisms. Unfortunately, much of the conflicting older 
experimental data had been obtained from studies on rabbits. Rabbits have 
been known to be notoriously susceptible to confusing nervous shifts in physi- 
ologie processes. Most of the diuretic experimental work must, therefore, be 
verified on large dogs before it can be accepted. 


ANATOMICAL KIDNEY UNIT AND ITS PHYSIOLOGIC RELATIONSHIPS*~‘ 


Into the uppermost end of each of one and one-half millions plus nephron 
tubules, afferent arterioles coil into an expansive network, invaginating the 
delicate epithelial layer of Bowman’s capsule forming the broad filtration 
surface of the glomerular tuft. The surface area of the glomerular capillary 
hed is ealeulated to be about 1,000,000 square millimeters. Of similar impor- 
tanee is the anatomic fact that the efferent arteriole from each glomerulus 
follows the renal unit pattern and breaks up into a eapillary bed in intimate 
contact with the continuation of the nephron, the epithelial-lined proximal 
and distal convoluted tubules. Some few direct vessels to the tubular plexuses 
have been found by MaecNider to be present in diseased kidneys. Through 
these units the blood is brought into contact with the epithelial cells of a 
semipermeable mémbrane. The cardiovascular renal system tends to main- 
tain a remarkable constancy in the general bodily milieu or homeostasis. Some 
water and some salts are eliminated to maintain the osmotic balance and the 
acid-base equilibrium, and the nitrogenous waste products are removed from 
the blood and discharged from the body. Glomerular filtration and active 
tubular reabsorption are now generally considered to be most significant fac- 
tors in the maintenance of normal water and salt exchange. A consideration 
of the anatomy, and particularly of the blood supply of the nephron, makes it 
obvious that when the glomerulus fails in function, the tubule follows suit 
closely. 

THEORIES OF KIDNEY FUNCTION*® 91! 


The theories of kidney function have undergone changes since 1842 when 
Bowman postulated that water was secreted by the glomerular tuft and that 
the uriniferous products were secreted by the tubular epithelium, added to 
the water, and collected by the ducts as the urine. Ludwig in 1844 contended 
that production of urine consisted in the mechanical filtration of a protein- 
free solute through the glomerular membrane and reabsorption by diffusion of 
some salts and water. In 1874 Heidenhain revived the vitalistie secretion 
theory, adding that in addition to water, chlorides were selected and secreted 
by the glomerular epithelium, while organic nitrogenous waste substances and 


dyes were secreted by the lining cells of the tubules. 


Bareroft and Straub’? in 1910 replaced blood plasma with Ringer’s solution, 
retaining the red blood cells to insure oxygenation, and perfused this through 
intact kidneys with the production of an augmented urine flow without a rise 
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in blood pressure. Knowlton in 1911 found that the addition of a colloid as 
gum acacia to the plasmapheresed erythrocyte solution or to a hypertonic 
glucose or saline solution introduced intravenously prevented a diuresis. 
Cohnheim in 1912 demonstrated that glomerular membrane cells had no 
selective secretory function, for if the body was deprived of salt, sodium 
chloride still appeared in the glomerular filtrate and had to be conserved by 
tubular reabsorption. 

Cushny in 1917 conceived of a purely physical glomerular ultrafiltration 
and a nonvital selective diffusion tubular reabsorption. The plasma protein- 
free glomerular filtrate was postulated to be identical in electrolyte composi- 
tion with plasma, contained water, salts, particularly sodium chloride, and 
also urea, uric acids, amino acids, creatinine, creatine, and glucose. While the 
tubular epithelium permitted diffusion through it of those threshold substances 
useful in the body economy and in maintaining water balance, there were re- 
claimed by tubular reabsorption all of the glucose, amino acids, and some 
of the salts and water. Cushny vehemently opposed every suggestion of 
tubular excretion. 

Starling, as early as 1899, demonstrated the osmotie pressure of blood 
colloids to be 30 mm. Hg by preparing a filtrate of blood plasma through 
a gelatin filter, and with Verney in 1924, he added to Cushny’s conception 
the theory of tubular secretion of dyes and urea, later confirmed by Hober 
and Marshall in 1930. Richards between 1910 and 1924, and his students 
between 1924 and 1938, by capsular and tubular microcatheterization proved 
the glomerular filtrate theory of Cushny’s to hold and the actual specific 
reabsorption of various substances by the proximal and others by the distal 
convoluted tubules. . 

Rehberg in 1926 agreed to the glomerular filtration of a dilute dialysate 
of the blood plasma, but he too would endow the tubular epithelium with 
power of discrimination in reabsorption. He considered a substance threshold 
only if the percentage in reabsorbed fluid, under certain conditions, was 
higher than in the blood. Creatinine alone he accepted as entirely a waste 
totally nonthreshold substance, with phosphates, calcium, and sulfates as 
possibly so. 

Homer W. Smith and associates, particularly Shannon in 1935, demon- 
strated the fact that creatinine was not an absolute index of glomerular 
filtration, but was apparently added by the tubular epithelial cells. In ad- 
dition, urea, dyes as phenol red, and organic iodine preparations as hippuran, 
diodrast, skiodan, opax have been proved to be added by tubular eéxeretion. 
D-xylose, raffinose, sucrose, and inulin were found to be the best indicators 
of glomerular filtration. The current theory generally accepted considers 
the glomerular fluid to be a simple filtrate of the blood plasma minus the 
serum proteins and fats similar to that passed through a gelatin filter from 
a colloid salt solution. The human tubular epithelium then enters into active 
selective reabsorption of water and substances to be conserved and probably 
adds to the concentrate urea, creatinine dyes, and organic iodide compounds. 

Any consideration of the functions of the kidney must be concerned with 
the multiple extrarenal factors, blood plasma, electrolytes, nitrogenous waste, 
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colloids, intravascular and tissue pressures. Excretion of urine has been 
stopped when pressure in the ureter was raised to about 90 mm. Hg, with the 
blood pressure of 130 mm. Hg giving a differential pressure of about 40 mm. 
Hg. Dilution of the colioids in the plasma by adding urea, ammonium or 
potassium chloride or nitrate by mouth, or hypertonic glucose or injection of 
inert sugars and salt solutions by vein, draws water and salt from the tissues, 
lowers the pressure of the colloids, and inaugurates increased filtration and 
urine output. Changes in the circulation as congestive failure with anoxemia 
and in acute shock have been observed to produce oliguria or anuria. Water 
balance disturbances by dehydration by diarrhea, vomiting, or sweating de- 
crease the urinary output considerably. 


SIGNIFICANT CHEMICAL CONSTITUENTS OF BLOOD AND URINE 


The blood plasma and dilute and concentrated urine content of the more 
common substances are of interest. For instance, the water percentages for 
blood plasma are 90 to 93 per cent as contrasted with 93 and 95 per cent for 
dilute and concentrated urine; the chlorides 0.370 Gm. per cent as contrasted 
with about 0.500 and 2,000 Gm. per cent; urea 0.030 Gm. per cent as contrasted 
with 2,000 and 6,000 Gm. per cent; urie acid 0.004 Gm. per cent as contrasted 
with 0.050 and 0.120 Gm. per cent; creatinine 0.001 Gm. per cent as contrasted 
with 0.075 and 0.750 Gm. per cent. Creatinine and creatine are related to the 
muscular development and are constant for the individual, hence only the per- 
centages shift. Ammonia is increased with increased acidity of the urine, and 
a high protein diet increases urine acidity and ammonia and unidentifiable 
rest nitrogen. Ammonia increases also with nitrogen intake. Undetermined 
rest nitrogen amounts to between 2 and 12 per cent. A high protein intake 
of 100 Gm. per day yields a nitrogen output of 14 to 16 Gm., of which 80 to 
90 per cent is urea. A low protein diet of 30 to 40 Gm. yields 4 Gm., of which 
60 to 70 per cent is urea. 

The inorganic salt metabolism and acid-base equilibrium coneern chiefly 
sodium chloride as sodium and as chloride. Potassium, calcium, magnesium, 
carbonic acid, phosphates, and sulfates are of some significance, while copper, 
zine, and foreign substances as thiosulfates and sulfoeyanates play very minor 
roles. The sulfates though likewise unimportant are found in inorganic ethereal, 
organic acids, protein amino acid, cystine, cysteine, and neutral sulfur. Accord- 
ing to Gamble, the bases in milliequivalents per liter as Na 142, K 5, Ca 5, and 
Mg 3, a total of 155, are balanced against the acid total of 155 made up of HCO, 
27, C1 108, HPO, 2, SO, 1, organic acids 6, and protein 16. 

The great reservoir of body water is the intracellular fluid; it represents 
about 50 per cent of the body weight. The intracellular fluid contains as its 
chief basic ion potassium and as its chief acid ions organic phosphates. The in- 
terstitial fluid makes up only 15 per cent of the body weight and differs in that 
sodium is its chief basic ion and chlorides constitute its chief acid ions. The 
interstitial fluid is more easily mobilized. The blood plasma amounts to only 5 
per cent of the body weight but it is most active in water metabolism and pre- 
sents evidence of very delicately controlled acid-base and electrolyte balances. 
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CIRCULATING BLOOD PLASMA 


The kidney has two important functions to perform. It must regulate the 
salt and water exchanges so as to keep the osmotic pressure of the blood 
constant in addition to removal of the nonvolatile, nonprotein nitrogenous 
waste products of protein metabolism. The normal circulating blood plasma 
exhibits a delicate balance of electrolytes and colloids in equilibrium with 
those of the fluids of the interstitial tissues. A balance is normally established 
between the extruding intravascular blood pressure and the in-sucking os- 
motie pressure of blood colloids. 

Blood plasma proteins are retained by the normal semipermeable glomeru- 
lar membrane, while water and electrolytes filter through into Bowman’s 
capsule in equimolar concentrations. The dilute glomerular filtrate is con- 
centrated a hundred fold as the water, glucose, and some of the other con- 
stituents pass back through the epithelium of the convoluted tubules and the 
loop of Henle and through the walls of the distal capillary bed into the cireu- 
lation. The increase in circulating blood plasma volume per se does not in- 
crease the urinary outflow. 

Regulation of the kidney function by changes in the make-up of the blood 
has been demonstrated following electrolyte and colloid shifts. These slight 
changes in the blood plasma have been found promptly balanced by greater 
shifts of electrolytes and water from the interstitial tissues. Normal urinary 
constituents and other acid salts have been used to cause an increase of the 
plasma electrolytes to upset the electrolyte equilibrium and inaugurate an 
inflow from the tissues which in turn precipitates an increased urinary output. 


CIRCULATORY FACTORS IN KIDNEY FUNCTION 


Normal kidney units require an active adequate circulation as well as 
an expansive capillary bed in order to provide a sufficient filtration volume 
area. At the same time, however, there is a good deal of evidence that some- 
thing more than physical processes is going on in the kidneys. Work is 
actually accomplished. Oxygen is utilized in renal metabolism, hippurie acid 
is synthesized from glycine and benzoic acid, and ammonia is formed. Utiliza- 
tion of oxygen by the isolated kidney in considerable amount with carbon 
dioxide formation has been demonstrated experimentally in the blood and by 
microanalyses. Oxygen consumption by the isolated kidney is considerably 
greater under conditions of increased activity. This has not been demon- 
strated in human beings. In fact, the ingestion of large amounts of-fluid by 
normal individuals has been found by continental physiologists to produce a 
diuresis without a demonstrable increase in the general oxygen consumption. 
The forced fluid intake results in an increase in the minute output of the 
heart by an increase in the stroke volume with actually a decrease in the 
pulse rate and in the venous pressure and only a slight rise in the arterial 
blood pressure. 

The renal parenchyma is in close physiologic relationship to the circula- 
tory system and seems to be of the utmost importance in maintaining the 
constancy of blood plasma composition. The kidneys, by virtue of the 
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tremendous blood flow through them, constitute one of the four most vital 
capillary systems of the body. The vascular and renal systems are physiolog- 
ically interdependent, the kidneys, perhaps playing the major role, but re- 
quiring nevertheless for this the maintenance of a quarter of the normal 
total blood flow. In the kidney, constriction of the afferent or the efferent 
arterioles of the glomerular tufts is possible and may affect the function 
oppositely. 

In congestive failure of the circulation venous stasis increases the outflow 
from the increased volume blood plasma of water and salt into the tissue 
interstices. There are several other factors besides retention of salt and 
water in the tissues at work in causing oliguria. A decreased filtration 
through the glomerulus results from intraglomerular capillary pressure de- 
crease with the usual fall in the systolic arterial pressure, in spite of the 
increased blood volume and the usually decreased blood colloid oncotie pres- 
sure. Tubular reabsorption remaining normal, the water content of the 
circulating blood increases. The general circulation may be improved by 
cardiae tonics and other measures, and diuresis results. The local circulation 
through the glomerular capillary tuft of the kidney may be influenced by 
drugs to dilate proximally or distally, or to contract likewise and in such 
changes of blood flow affect filtration or reabsorption. 

Diuretic drugs, by changing the glomerular blood flow, upset the electro- 
lyte balanee® of the blood plasma. This change seems to command a rapid 
mobilization of salts, and secondarily, fluids from the tissues, and transport to 
the kidney for excretion in a diuresis. The accumulated abnormal amounts of 
water and salts in the tissue interstices, the edema of the failing circulation, 
is thus dissipated. In the treatment of heart failure cases with oliguria the 
eardiae glucosides as digitalis improve the myocardial tone and the cireula- 
tion thus evidently indirectly increasing the urinary output. 

The primary regulation of kidney function by circulatory shifts per se 
has been repeatedly denied. Experimentally diuresis has been inaugurated 
and suspended with the maintenance of a constant blood pressure level. A 
pulse pressure change in the circulation may be the chief influence in modify- 
ing kidney function. Nonnenbruch felt that the filtration theory of renal 
function has exaggerated the significance of circulatory changes and the effect 
of arterial, capillary, and venous blood pressures on salt and water balance. 
He admitted that the abnormally high susceptibility of the renal arterioles 
to stimulation might result in contraction or dilatation, but this has not been 
proved experimenally as a significant factor in urine production. Many 
studies on the capillary bed in’ general physiology have revealed striking in- 
dependence of the capillary flow of the size and of the tension in the arterioles. 
The status of the capillary bed, as a whole, may be significant. At the ex- 
treme limits the capillary flow must undoubtedly affect urinary output. 

The effect of heat on the kidney, and particularly on its blood flow, has 
interested clinicians who have accomplished an increase in urinary output 
with diathermy in patients with anuria. Denervated kidneys have not re- 
sponded in the same way. Cold did not produce exactly the opposite effects. 
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It seems that the effects are the results of reflexes. These reflexes in the case 
of heat, it is stated, do not result in increased circulation and yet there was 
increased urinary flow. In acute nephritis the high blood pressure is as- 
sociated with oliguria and lower levels with increased urinary flow. 

There may be quite a group of other variable factors effective in chang- 
ing urinary flow, yet diuresis is not independent of an increased renal blood 
flow ; in fact it needs it. The two go hand in hand, but we may ‘have increased 
flow without diuresis, and diuresis without increased blood flow may be the 
result of the increased excretion of salts and water or decreased reabsorption. 
Chemical influences may cause a dilatation of the afferent or efferent glomeru- 
lar arteriole and allow increased circulation or a constriction of the same with 
opposite effects. Frequently a prompt increase in the blood flow through the 
kidney is the primary response in its complicated activity. 


INTERSTITIAL TISSUES 


In order to explain the relatively ametabolic gross changes represented in 
water and salt shifts, the vastness of the capillary bed in the interstitial tis- 
snes all over the body, as well as in the kidney, must be taken into account. 
Krogh’ has estimated a eapillary system of 10,000 meters in length and 63,000 
square meters in surface area. In such a system the rapid exchange back 
and forth between the important electrolytes and fluids in the intercellular tis- 
sues and the blood plasma may easily be visualized as taking place rapidly 
as purely physical phenomena. Anoxemia or injury of the capillary wall of 
a significant segment of the system would cause edema formation. It has 
been estimated that the water content of the plasma changes about a hundred 
times a day, and that the whole water mass circulates throughout the body 
and makes a complete circuit probably six times each day. 

The interstitial tissues and connective tissues form a very large extra- 
cellular reservoir or depot for the body fluids, salts, and other constituents. 
The capillary walls are single-cell semipermeable membranes through which 
water and electrolytes seem to pass back and forth freely. The colloid serum 
proteins, on the other hand, are held back completely in the normal glo- 
merulus. It is evident, however, from Calvin’s data on the blood plasma pro- 
tein shifts during diuresis and following hydremie plethora, that in some areas 
the capillary walls permit the passage of serum proteins out of the tissue 
spaces into the blood plasma. The general rich capillary distribution makes 
possible the maintenance of equilibrium with relatively prompt return to the 
constaney of the blood plasma volume and its constituents. 


NERVOUS AND HORMONE waxtnbn™* ae 


Angioneurotic edema, allergic effusion, diabetes insipidus and its con- 
trol with pitressin, myxedema, and desoxycorticosterone plethora are evi- 
denees that the nervous system and the glands of internal secretion play im- 
portant, albeit largely unexplained, roles in water metabolism. Studies of 
the antidiuretic effect of pitressin in patients with diabetes insipidus indicate 
that the hormone pitressin acts directly on the kidhey in some still rather 
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obscure way which is not related to the blood flow. At the same time there 
is following injection of pitressin much interstitial tissue effect which can- 
not as yet be elucidated. 

Diabetes insipidus may result from injury to the posterior lobe of the 
pituitary or the hypothalamic region and tissues of the midbrain or the dien- 
cephalon. The posterior pituitary body is apparently linked physiologically 
with the great nuclear nerve origins as the vasomotor and other significant 
vegetative centers in the diencephalon. These centers are all susceptible to 
nervous humoral and hormonal stimulation. There is no proof that there is 
a decrease in pitressin in the blood stream to cause the thirst and diuresis of 
diabetes insipidus. The antidiuretic effect of pitressin persists in spite of 
the continued ingestion of large volumes of water and the addition of vaso- 
dilating drugs. The reported findings of abnormalities in the cells of the 
anterior lobe of the pituitary following diuresis and the apparent dehydrat- 
ing effect of thyroxin have suggested the possibility of an anterior pituitary 
thyrotropic hormone disorder in myxedema. 

The relatively recently discovered sodium, potassium, and plasma water 
balance disturbances in Addison’s disease cases indicate that the adrenal cor- 
tical hormone is a significant factor in salt and water metabolism. The strik- 
ing water storage effect of the synthetic hormone desoxycorticosterone is a 
fact that invites further investigations. 

It is thus evident that the problems of water balance and water metabo- 
lism, edema formation, and diuresis have been extensively studied from almost 
every conceivable point of view.'? Water intake, urinary output, blood 
plasma volume, and tissue fluid pressures have been shown to be most sig- 
nificantly coneerned. In absolute water metabolism a delicate weighing is 
necessary to take into account the water that is lost in insensible perspira- 
tion, in exhaled air, and in the stools. Shifts in the individuals’ body weight 
as determined by ordinary balances may record grossly the dissipation of the 
tissue edema, but the measured output of fluids through the kidney is the 
chief clinical index we have used. Normally the whole process from absorp- 
tion of fluid through the gut, transport through the tissues and in the blood 
plasma to the kidneys, takes place without significant changes in the blood 
circulation time, volume, or pressures. 


OUR STUDIES*® 


Rehberg’s'* creatinine clearance method was used at first in our lab- 
oratory in our studies of the mechanisms of diuresis by various substances 
in patients with congestive heart failure and edema. In spite of White and 
Monaghan’s support, we were influenced by Shannon’ and Smith to determine 
also D-xylose and inulin clearances before and after the injection of mercurial 
and xanthine diureties and digitalis glucosides. We have recorded the con- 
comitant effects of drugs upon the blood plasma, electrolytes, and colloids, the 
urine volume and constituents, and the calculated renal glomerular filtration 
and tubular reabsorption. The evidence we obtained pointed to a primary 
effect directly upon the kidney units of the diuretic agents, such as are used 
in clinical medicine. The xanthines increased glomerular filtration, possibly 
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by afferent vasodilatation, and the mercurials decreased tubular reabsorption, 
possibly by efferent vasoconstriction or mild toxic decrease in permeability 
of the tubular epithelial cells. The possible pharmacodynamic renal effects 
were held responsible for slight but sudden and significant primary upsets 
in the very delicate electrolyte and colloid pressure balance in the blood 
plasma. Such slight shifts in turn, it was postulated, were promptly overcom- 
pensated for from the depots in the tissues in which there was edema. Salt, 
water, and proteins were drawn into the circulation. Electrolytes and fluid 
were then transported to the kidneys for excretion. A striking augmentation 
of the diuresis could routinely be produced by a combination of the two types 
of diuretics, and the clearance studies revealed combined effects with usually 
the mercurial effects, namely, decreased tubular reabsorption predominating. 
The tremendously augmented diuresis may not always be an unmixed bless- 
ing. This will be discussed more fully under the blood volume studies which 
contribute further argument. 


SODIUM AND CHLORIDE STUDIES 


The effect of mercurials, particularly salyrgan, upon sodium and chloride 
excretion and ratios has been recently restudied by several observers. Vol- 
hard’s pupil, Weingarten,!* in support of the importance of the tissue salt 
and water status, so aptly designated ‘‘Vorniere’”’ by his chief, held as in- 
disputable the hydropigenous property of the chloride ion. 

Bua,’ after the effects of salyrgan in diabetes insipidus, concluded that 
the presence of chlorine was the sine qua non requirement for the diuretic 
action of organic mereury salts. Simmert,'® observing the effect of diuresis 
produced by organic mercurial in patients with and without edema, found 
increases in the sodium chloride (determined also as chlorine) with con- 
comitant rises in blood plasma sodium chloride (determined also as chlorine) 
along with decreases in hemoglobin and erythrocytes. Hitzenberger and 
Englemann’® noted in salyrgan diuresis augmentation of excretion of many 
inorganic and organic substanees, but particularly of sodium chloride. 

The sodium ion, however, was incriminated in tissue fluid retention by 
Presser and Stahl.?° These investigators found that the edema-producing 
effect of sodium could be set aside by a balanced combination of potassium, 
ealecium and magnesium ions. This is the basis for the development of sub- 
stitute for table salt for edematous patients. Bruman and Jenny”! established 
good correlation between sodium excretion and the urinary output. Siedek 
and Zuckerkandl2? demonstrated greater retention of sodium than of chlorine 
in the edema fluid and transudates in the pleura and peritoneum in congestive 
heart failure patients. In diuresis of such edematous cardiac patients there 
appeared in the diuresate a conspicuous excess of sodium over chlorine. 

In an attempt to elicit the initiating factors, and those at work during the 
first five to six hours of diuresis, Decherd*® determined the urinary Na/Cl 
ratios before, hourly during, and as a follow-up, each twenty-four hours 
for several days after each of 25 diuretic experiments with aminophyllin, 
mereupurin, and salyrgan. The blood sodium remained fixed, but the urinary 
sodium conspicuously increased, usually not in the tremendous proportions 
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of the chlorine excretion, so that the Na/Cl ratios as a rule decreased. Oc- 
casionally, however, the reverse was noted and the Na/Cl ratio increased. 
In these studies neither the mercurials nor the xanthines showed consistent 
or characteristic effects on the Na/Cl ratio. 

If the volume of urine, with its contained sodium and chloride, passed 
during the control hours, was subtracted from the corresponding figures 
after injection of the diuretic, a fair approximation of the excess of these 
substances mobilized from the tissues during diuresis was obtained. By as- 
suming the edema fluid to be an ultrafiltrate of blood plasma, the excess 
amount of sodium and chloride that should be excreted, with the excess urine 
excretion of the same composition as the tissue fluid, was calculated. The 
values for sodium determined on this basis showed a good agreement with 
those actually found, while the actual excretion of chloride was in most in- 
stances greatly in excess of the calculated values. 


BLOOD SERUM PROTEIN STUDIES 


Shally,?* after some confirmatory physiochemical studies, accepted the 
conclusion of Nonnenbruch and others that changes in the colloid osmotic 
pressure did not explain the movements of water in diuresis. However, he 
found an absolute and relative increase in the albumin fraction, lowered and 
unchanged globulin, and a drop in fibrinogen at the onset of diuresis in all 
eases. He tried the effect of salyrgan on blood serum in vitro and concluded 
that in the concentration it appeared in the blood after injection salyrgan 


produced no change in the serum protein. He noted that at higher concentration 
there was flocculation. However, in this country, Bieter and Wright** have 
demonstrated, with ultramicroscope, changes in the blood serum of patients 
who had received therapeutic doses of salyrgan. 

In recent studies in our department of biochemistry and in our lab- 


9 


oratory for clinical research, Calvin and Decherd**® ?*-?° have demonstrated 
increases in the total circulating plasma protein, specifically albumin. They 
noted two different types of blood plasma volume changes following the ex- 
hibition of digoxin, aminophyllin, and salyrgan intravenously in patients 
with congestive heart failure and edema. The rapidity of the shifts of plasma 
proteins into and later out of the circulation suggested that there must be 
some degree of back flow of proteins as well as salts and water through the 
capillary walls in some parts of the capillary bed, possibly in the liver. 


PLASMA VOLUME STUDIES 


Meyer’* postulated as the basis for diuresis a physico-therapeutie water- 
freeing effect upon the tissue colloids. The resulting hydremie plethora was 
held to dilate the renal vascular bed and account for the actual outpouring of 
urine. <A study of the blood plasma volume shifts, using the new accurate 
method of Gregerson, Gibson, and Stead, and modified by Gibson and Evelyn 
with Evans blue dye 1824, seemed highly desirable. It was fortunate for 
us that D. B. Calvin, our biochemical experimentalist, had been working with 
this method of blood volume determination for four or five years. During the 
past year Calvin, together with Decherd, undertook laboratory restudies of 
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the problems of diuresis in edematous congestive heart failure patients. In 
addition to establishment of the plasma volume shifts, the packed erythrocyte 
volumes, hemeglobin contents, albumin and total protein levels, as influenced 
by various diuretic agents, were determined. 

The trends of plasma volume shifts seemed very definite. In a large 
series of experiments with the mercurial salyrgan (2 ¢.c. of 10 per cent solu- 
tion) there was practically always a concentration in plasma volume that seemed 
to parallel diuresis. In two instances in which there was no diuresis and some- 
what delayed diuresis there seemed to be a tendency for the plasma volume to 
imerease slightly, but as soon as there was an inerease in urinary flow there 
was a concomitant fall in the plasma volume. 

Comparable studies using aminophyllin (7144 gr. or 0.5 Gm.) intra- 
venously revealed a strikingly different plasma volume response. There was 
uniformly a conspicuous early rise in plasma volume. During the time of the 
most profuse diuresis there was a characteristic tendency for the plasma vol- 
ume to return toward the initial level. As the aminophyllin diuresis continued, 
there was a shift in plasma volume apparently dependent, in part at least, 
upon the balance established between tissue fluid mobilization and urinary 
output. The end result was usually a plasma volume lower than that initially 
observed. 

Digoxin, 2 mg. intravenously, in patients in congestive heart failure caused 
a shift in plasma volume apparently according to the promptness and degree of 
myocardial effect. When there was an immediate response, the plasma volume 
decreased sharply, as the satisfactory urinary output developed. When it was 
delayed, the plasma volume remained practically unchanged or increased 
slightly, until diuresis was inaugurated at which time the plasma volume de- 
ereased. Concomitant studies on the total circulating proteins indicate that 
there is a souree of serum proteins, chiefly albumin, that is readily available 
and that the serum proteins may be promptly stored in the tissues. 


COMMENTS 


These most recent studies still leave many old questions as to the funda- 
mental mechanisms of diuresis unanswered and open up some new ones. There 
is, however, some further evidence of a significant difference of the actions 
of mereurial diuretics as contrasted with xanthine diuretics. The relatively 
huge shifts in blood plasma volume following intravenous aminophyllin might 
account for some of the beneficent effects of such therapy in vascular disease. 
At the same time one might question the advisability of inducing such striking 
volume increases in patients with already abnormally high blood volumes and 
other evidences of congestive heart failure. In such cases repeated small injec- 
tions and aminophyllin would seem to be more rational therapy. This suggestion 
may well be superfluous and the result of oversolicitousness, since no accidents 
indicative of such a mechanism have been recorded thus far. Then too, the 
combination drug, mereupurin, is mych more often used in edematous cardiac 
patients, and under such circumstances the mercurial effect predominates, and 
as with salyrgan in the presence of good, or even fair, renal function there is 
from the beginning a shrinkage in the blood plasma volume. 
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The newer and more accurate methods offer new avenues of approach to 
the relatively old fundamental problems of the modus operandi of diuretics. 
The problems must, however, be vigorously prosecuted by every promising 
method to the end that the questions that have been raised by the survey of 
the subject may be answered. The answers to the questions will help in the 
further rationalization of diagnostic and therapeutic procedures. 
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THE FUNCTIONS OF THE CAROTID AND AORTIC BODIES* 
Caru F. Scumipt, M.D., PHILADELPHIA, PA. 


HE functions of the carotid and aortic bodies have been covered by four 

reviews within the past year,’ 1* 17 2° and no striking discoveries have been 
made since the last of these was published. My justification for acceding to 
the request for another review at this time is the hope of adding something to 
the understanding of this special branch of physiology by treating it from a 
different viewpoint, viz., that of the historical perspective of the subject, the 
persons involved, their reasons (as far as I know them) for doing what they 
did, and the influence of the various contributions on the development of the 
subject. This is not the least interesting and important part of this recent 
chapter in experimental medicine, and although some of the persons and factors 
involved have already been mentioned,?** none of the existing reviews have been 
compiled so that a reader not familiar with the subject can trace its development. 

Prior to 1930 the functions of the carotid and aortic bodies were unknown. 
This was not a very serious lack because the only interest in these structures 
lay in the rare occurrence of a tumor of the carotid body and the still rarer 
performance of an investigation of the morphology and embryology of that 
tissue. Such studies? left unsettled the question of whether the carotid body 
is a nervous structure (a ganglion or a paraganglion), a secreting gland of the 
chromaffin type, a peculiar cavernous vascular structure (a glomus), or some- 
thing else (simply a body). Numerous attempts had been made to demonstrate- 
a physiologically important secretion in the carotid body or in tumors arising 
from it, but none of these were very successful. 

The event that served to direct attention into productive channels was 
Hering’s discovery’® that the slowing of the pulse which had long been known 
to oceur when deep pressure is exerted in the neck is not due to mechanical 
stimulation of the cardioinhibitory fibers of the vagus, as had been supposed 
for many years, but to stimulation of special receptors localized in the expanded 
region at the origin of the internal carotid artery. He called this the carotid 
sinus, and the term has come into general use; it is perhaps noteworthy that 
Hering’s original intention is said to have been to eall it the carotid bulb, but 
he decided against this because of the previous existence of another bulbo (oculo) 
cardiae reflex. He found that the afferent pathway for this new reflex is the 
first (pharyngeal) branch of the glossopharyngeal nerve (now called the sinus, 
intercarotid, or Hering’s nerve) and that the reflex consists not only of cardiac 
inhibition but also of decreased vasomotor activity, so that it is completely 
analogous to the depressor reflex from the aorta described sixty years earlier by 
Ludwig and Cyon. The two carotid sinus nerves and the two depressor nerves 
were found by Hering to constitute a functional unit, any two, or, given 
sufficient time, even one, of the four being capable of carrying on an adequate 


*From the Laboratory of Pharmacology, University of Pennsylvania. 
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degree of functional activity; but when all are cut, heart and vasomotor center 
become excessively active and persistent tachycardia and hypertension result. 
Because the influence of these reflexes is to restrain the heart and the vasomotor 
center, Hering called the four nerves which carry them the ‘‘ Blutdruckziigler,’’ 
or check reins of blood pressure. Subsequent workers have called them the 
‘‘Nerfs Frenateurs’’ (Heymans) and the ‘‘buffer nerves’? (Samson Wright), 
implying the same sort of moderator activity. It is noteworthy, however, that 
since these nerves are now known to carry other impulses which are stimulant, 
these descriptive terms, while widely used, are not strictly accurate. 

The work of Hering introduced a new element into discussions of the regula- 
tion of the circulation. It attracted widespread attention because it presented 
a new viewpoint and opened a vista of possibilities previously unknown. Thus, 
the conception that the vasomotor center possesses a high intrinsic ‘‘tone’’ and 
is kept from producing maximal vasoconstriction only by afferent inhibitory 
nerve impulses aroused in special stretch receptors in the carotid sinuses and 
aortic arch has obvious implications to sustained hypertension or hypotension, 
syneope, and other clinical problems.** The conception that the cardioinhibitory 
center is activated, not by changes in the pressure or volume of flow of blood 
through it, but solely by these same afferent nerve impulses, has important im- 
plications with regard to the mode of regulation of the activity of nerve cells, 
which is one of the most important questions in all physiology. The technical 
difficulties involved in experiments such as those of Hering proved, however, 
to be considerably greater than was anticipated, and for several years no sig- 
nificant progress was made. 

During this time J. F. Heymans, Professor of Pharmacology in the Uni- 
versity of Ghent, and his son Corneille were engaged in an investigation of 
various physiologic problems by means of the crossed-cireulation technique. In 
one remarkable set of experiments”’ they found that the respiratory movements 
of the head of a dog—entirely separated from the trunk save for the vago- 
depressor nerves and kept alive by anastomosis into the carotid-jugular cireula- 
tion of a donor animal—could be depressed by a rise and stimulated by a fall 
in blood pressure in the trunk of the animal, and could be stimulated by 
asphyxia, anoxemia, or hyperearbia, depressed by overventilation or increased 
oxygenation of the blood in the trunk. The reflex nature of these phenomena 
was proved by their absence when the vagodepressor nerves were cut. By 
further refinements and amplifications of their technique, they showed that 
the reflexes responsible arise from the aortic arch. They concluded that such 
reflexes are a factor of importance in the control of respiration. 

The report of these studies was published in 1927. Meanwhile Danielopolu 
and his co-workers in Bucharest,® stimulated by Hering’s discovery, had carried 
out a number of experiments on dogs and human beings and had found that 
reflexes from the carotid sinuses ean affect respiration as well as circulation. 
They elaimed that reflexes can also be aroused here by chemical agents (increased 
carbon dioxide tension) as well as by changes in pressure. Moissejeff?* also 
described respiratory effects from the carotid sinus. The experimental evidence 
presented by these workers was not very impressive, and while they undoubtedly 
antedated Heymans in calling attention to the existence of respiratory reflexes 
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from the earotid sinus region, their work might have had little influence upon 
subsequent events had it not ecme at a time when J. F. Heymans and C. Hey- 
mans had just finished the studies from which they concluded that reflexes from 
ihe aorta, aroused by changes in pressure or chemical composition of the blood, 
constitute an important and hitherto unrecognized factor in the control of 
respiration. The statements claiming a similar, though less well-defined, func- 
tion for carotid reflexes therefore constituted a challenge to the Belgian workers 
which the latter were not slow to accept. It is noteworthy that Heymans, whose 
name is now inseparably linked with the carotid sinus as one of its most effective 
advocates and who was awarded the 1938 Nobel Prize in Physiology and Medi- 
cine in recognition of his contributions to better understanding of the part 
played by these reflexes in the control of respiration and the influence of drugs 
upon it, began his work in that field in hopes of disproving the things he sub- 
sequently proved. Incidentally, a similar motive has activated a large propor- 
tion of the others (including myself) who have followed Heymans in investigat- 
ing carotid reflexes to respiration. 

During the same period de Castro,’ in Cajal’s laboratory in Madrid, was 
carrying out a series of morphologic studies of the nerve structures involved 
in this new reflex of Hering. He found that nerve endings of a peculiar type 
are present in the adventitial coat of the internal carotid artery in the expanded 
region near its origin, viz., in Hering’s carotid sinus. He also found an abun- 
dance of similar nerve structures in the carotid body, and in his first paper™ 
he concluded that this structure is probably a secreting gland innervated by the 
glossopharyngeal; his studies led him to believe that the sinus nerve of Hering 
is a branch of the vagus, not of the glossopharyngeal, the latter being concerned 
only with the carotid body (or gland). Further study,’” however, led him to 
modify his conclusions: the nerve system of the carotid body now seemed to be 
afferent at least in part, and he suggested that it is probably concerned in the 
regulation of blood pressure, its function being similar to, though less striking 
than, that of the carotid sinus’ ” ***; he also suggested™: ”: **° that it might be 
a ‘‘sensory organ specialized to perceive certain qualitative changes in the 
blood.’’ Several other workers* ?! concluded that the carotid body is the site 
of origin of Hering’s reflexes, not the carotid sinus, but it was not until the 
work of Heymans and his collaborators had shown clearly for the first time 
that there are two distinct sets of carotid reflexes, viz., those aroused by pressure 
and those aroused by chemical factors, that the second suggestion of de Castro 
led to productive experimental studies and was proved correct. THeymans and 
his co-workers were able to separate the two types of sensitivity, retaining that 
to chemical influences while removing that to pressure, or the reverse, and other 
workers succeeded in demonstrating that the chemically sensitive region in the 
dog is located in the carotid body. (The literature on this aspect of the subject 
is cited elsewhere.”®) Thus, the true function of this structure was finally 
proved to be none of those previously attributed to it, but instead, a completely 
unique one, i.e., translation of certain chemical changes in the blood into afferent 
impulses stimulant to the respiratory, vasomotor, and eardioinhibitory centers. 
These results stimulated other studies of similar tissue elsewhere, and a number 
of aggregates of cells resembling the carotid body morphologically were found 
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in the aortic region.2» 2° One of these was shown by the physiologic studies of 
Comroe* to be the probable site of the aortic chemoreceptors; it receives blood 
from a small branch of the transverse aorta in the dog, of a coronary artery in 
the eat, and nerve fibers from it join the vagodepressor trunk at about the level 
of emergence of the recurrent laryngeal. The function of the other similar 
structures in the thorax and in the eoeccygeal region still remains unknown. 

The papers by Heymans and his co-workers dealing with carotid reflexes 
to the respiratory center did for respiratory physiology what Hering’s papers 
had done for circulatory physiology, i.e., they introduced a new element into 
discussions of the control of respiration and led to a critical re-examination of 
beliefs that had gone unchallenged for many years. At that time there was no 
doubt among physiologists that the major element in the automatic control of 
respiration was the effect of metabolic products directly upon the cells of the 
center and that afferent nerve impulses were nothing more than a nonessential 
factor. There had been some disagreement as to the identity of the chemical 
stimulus, but this was compromised to the satisfaction of most physiologists when 
Haldane (who was the first to demonstrate the very great effectiveness of carbon 
dioxide) accepted the view that the common denominator in all aspects of the 
chemical control of breathing is hydrogen-ion concentration in the blood. On 
this basis there were some difficulties in explaining the respiratory effects of 
changes in blood pressure (the respiratory depression or apnea produced by a 
sudden rise and the hyperpnea produced by a sharp fall), but these found a 
satisfactory solution in Rosenthal’s conception,?* as revived by Winterstein® and 
(esell,’* to the effect that it is the concentration of chemical stimuli within the 
cells of the center that regulates their activity, and since these cells are alive 
and have a metabolism of their own, their activity can be modified by changes 
in the rate at which products of their own metabolism are removed by the blood 
stream. The apnea produced by an intravenous injection of adrenalin or the 
hyperpnea produced by sudden hemorrhage, histamine injection, or any other 
sharp fall in blood pressure was an important piece of evidence in favor of this 
conception of respiratory control. The hyperpnea of anoxemia, which at first 
vlance seems difficult to explain in terms of carbon dioxide tension or lydrogen- 
ion concentration in the arterial blood (for both of these are apt to be reduced 
by anoxemia), was attributed either to a sensitization of the center to its normal 
stimulus (carbon dioxide or pH) by anoxemia,’® or to accumulation of lactic 
acid within the cells of the center because of incomplete oxidation of metabolic 
products therein.’ 

Heymans and his colleagues presented evidence which, if fully substantiated, 
would have discredited entirely the Rosenthal-Winterstein-Gesell conception: of 


respiratory control and would have necessitated radical revision in Haldane’s. 
They showed" that a rise in intracarotid pressure causes reflex inhibition of 


respiration, and this, coupled with the similar reflexes®® aroused by a rise in 
aortic pressure, led them to suspect that the respiratory effects of changes in 
blood pressure might be due entirely to reflexes from the carotid sinuses and 
aortic arch—a suspicion which they verified by seemingly irrefutable experi- 
mental evidence and concluded that the activity of the cells of the respiratory 
center is not demonstrably influenced by changes in its blood supply, at least over 
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the physiologic range. They also*® found that an anoxie hyperpnea (and hyper- 
tension), whether produced by decrease in the oxygen tension in the blood or by 
the addition of cyanide to -it, is mainly, if not exclusively, reflex in origin; 
section of the carotid sinus and aortic (depressor) nerves greatly reduced or 
completely abolished the stimulant effects of anoxemia on respiration and cireula- 
tion, thus indicating that accumulation of products of incomplete oxidation in 
the center cannot be the true explanation of these effects. Even changes in 
carbon dioxide tension and pH in the arterial blood were found to produce their 
effects in part through these reflexes. Although it was never claimed that the 
respiratory effects of these changes are dominantly or exclusively due to reflexes 
from chemoreceptors (that claim was reserved for anoxemia and for drugs such 
as eyanide, nicotine, and lobeline), it was nevertheless reported that reflexes 
play a part in them. Thus the extreme sensitivity of the respiratory center to 
minute changes in the carbon dioxide tension or pH in the blood, which was 
perhaps the best-known and most firmly established fact in the entire field of 
respiratory physiology, came under suspicion, and with it the entire Haldane 
conception of the control of breathing. (As a matter of fact, Heymans did not 
commit himself at the time as to whether the chemoreceptors or the center are 
more sensitive to carbon dioxide and pH. It was not until 1939 that his position 
on this point was clearly stated, and then he held'** that the chemoreceptors 
are more sensitive, act more quickly, and are responsible for a greater share of 
the total response to these stimuli than ean be said of direct effects on the center.) 


These papers naturally aroused a great deal of interest among all who 


were working in the field of respiratory physiology. Since we?® have recently 
reviewed the literature on this-subject from the viewpoint of the adequacy of 
the experimental evidence, it is unnecessary to recapitulate here the list of 
contributions that have followed. For the sake of historical perspective, how- 
ever, it is worth noting that, with the appearance of Heymans’ first papers, 
these reflexes came to be a major interest in the two laboratories in this country 
(Gesell’s and our own) in which the workers had gone furthest in committing 
themselves to the Rosenthal-Winterstein-Gesell conception of respiratory con- 
trol, which now seemed to be completely invalidated by Heymans’ finding that 
the respiratory center is unaffected by changes in its blood supply. The result- 
ing contributions from Gesell’s laboratory, as summarized elsewhere," leave that 
sroup in substantial agreement with Heymans in all essential respects, i.e., that 
the responses of respiration to changes in blood pressure are due to reflexes from 
the pressoreceptors of the carotid sinuses and aortie arch, rather than to 
changes in the blood supply of the center, that the sensitivity of the chemo- 
receptors to carbon dioxide and pH is of the same order as that of the center, and 
that the chemoreceptors contribute an important share to the regulation of 
respiration under all circumstances. The work in our laboratory also led from 
the start?®* to agreement with Heymans about the existence of the two sets of 
reflexes (from pressoreceptors and chemoreceptors) and the dominant im- 
portance of the latter in the respiratory and circulatory stimulant effects of 
anoxemia. From the start, however,?** we have been able to show that the 
respiratory center is not always as insensitive to changes in its blood supply as 
it was in Heymans’ experiments, and among the factors that might be concerned 
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in such variations an outstanding one seemed to be the state of the finer blood 
vessels supplying the center. To investigate this relationship, an examination 
of the intrinsic control of the cerebral circulation was begun and is still in 
progress; the bearing of the results so far obtained on the above question has 
been considered elsewhere.*? From these experiments we have come to believe 
that the insensitivity of the respiratory center to changes in its blood supply 
in Heymans’ experiments was due to fortuitous experimental cireumstances,?*” 
and, therefore, does not warrant the general: conclusion that the Rosenthal- 
Winterstein-Gesell conception of respiratory control is invalid. We also differed 
with Heymans from the start in believing that the respiratory center is so 
much more sensitive than the chemoreceptors to carbon dioxide that the normal 
control of breathing is probably accomplished by the center alone, without 
involving the chemoreceptors. Subsequent experimental evidence has only 
served to strengthen this belief.?° 

The present status of the questions raised by Heymans’ work, in briefest 
summary, is as follows: There is general agreement about the existence of two 
sets of reflexes in carotids and aorta, the one activated by changes in arterial 
pressure, the other by changes in chemical composition of the arterial blood; 
the receptors responding to pressure (pressoreceptors) are located in the 
adventitial coat of the carotid sinus and aortie arch, those responding to chemi- 
eal changes (chemoreceptors), in the earotid and aortic bodies; the impulses 
from both sets of receptors are carried by the same nerves (the sinus and de- 
pressor) and affect’ the same structures (the respiratory, vasomotor, and cardio- 
regulatory centers in the medulla), although for the most part in opposite 
directions, i.e., impulses from the pressoreceptors lead to decreased activity of 
the respiratory, vasomotor, and cardioaccelerator centers (and increased activity 
of the eardioinhibitory), while impulses from the chemoreceptors cause in- 
creased activity of all these centers (including the cardioinhibitory in the ease 
of strong stimulation of the carotid chemoreceptors of the dog). There is also 
general agreement that the chemoreceptors can be stimulated by each of the 
chemical factors that have long been associated with the control of respiration 
and circulation, namely, inereased carbon dioxide tension or hydrogen-ion con- 
centration, or decreased oxygen tension, as well as by a variety of drugs and 
poisons (cyanides, sulfides, nicotine, lobeline, coniine, sparteine, choline and its 
nicotinie derivatives, acetaldehyde, potassium salts, dinitrophenol, dinitrocresol, 
and others). It is also agreed that the reflexes from the pressoreceptors 
(which are those originally described by Hering) are of utmost importance 
to the control of the circulation, but of comparatively little moment to the 
regulation of respiration, whereas the chemoreceptor reflexes are of major 
importance to respiration, but are relatively unimportant to the circulation, 
with one significant exception, viz., the hypertension of anoxemia. 

When it comes to an evaluation of the part played by these reflexes in the 
adjustment of the organism to its environment, differences of opinion are en- 
countered. As indicated elsewhere,” these seem to us to be due to inadequacy 
of experimental evidence relative to the conclusions drawn, for the data needed 
for this purpose must be quantitative, and the step from the qualitative in- 
formation that suffices to demonstrate the existence of these reflexes to the 
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quantitative data required to evaluate their importance is long and difficult. 
It is clear, however, that the hyperpnea and hypertension of anoxia are (as 
'leymans claimed from the start) due more to reflexes from the chemoreceptors 
than to direct effects on the center, and in my opinion, the burden of evidence 
indicates that anoxia is purely depressant to nerve cells, any stimulant effects 
heing due to reflexes; this view is not shared by Gesell'® or by Dautrebande,® 
hut it is supported by recent work done in Heymans’ laboratory. As for the 
part played by chemoreceptor reflexes in the body’s responses to exercise or 
inereased carbon dioxide tension or hydrogen-ion concentration, existing in- 
formation®® leads me to conclude that this is negligible under normal cireum- 
stanees, but it can become very important when the sensitivity of the center 
to earbon dioxide is abnormally low, as in narcotic poisoning; this belief is not 
coneurred in by Heymans and Bouckaert,'”° Gesell,?? or von Euler and his collab- 
orators.'° The point of fundamental importance here is the relative sensitivity 
of the center and of the chemoreceptors to carbon dioxide or pH, and the 
only quantitative data now available are those* °° °4 which have led us to the 
above conclusion. Another point of importance in deciding on the physiologic 
significance of these reflexes is the nature of the stimulus by which they are 
activated; it is perhaps inevitable that attempts should be made to simplify 
the situation by finding a common denominator for all chemoreceptor stimula- 
tions, and different workers have suggested increased acidity,’ anoxia,* acetyl- 
choline,** and potassium® in this connection. In view of the diverse nature of 
the substances that have been proved capable of stimulating the chemorecep- 
tors,?® such attempts do not seem very profitable at this time; it seems better 
to conclude simply that these structures are so organized that they give rise to 
nerve impulses when the chemical equilibria of the cells are sufficiently dis- 
turbed, and that such disturbances can be brought about in a number of dif- 
ferent ways. The question of the identity of the stimulus to the chemoreceptors 
is likely to assume greater importance in the near future in view of the recent 
work in Krogh’s laboratory?” ?> leading to the conelusion that the chemical con- 
trol of respiration is accomplished by carbon dioxide acting as such, not by 
virtue of changes in acidity produced by it. If this conclusion is correct, the 
respiratory effects of changes in pH of the blood could be attributed either to 
the changes in carbon dioxide tension produced by them or to reflexes from the 
chemoreceptors; perhaps these are the only parts of the respiratory regulating 
system that respond directly to the hydrogen ion. 

My opinion of the significance of these structures agrees with that of 
Marshall and Rosenfeld,?* who suggested that they represent a survival of a 
primitive type of control found in water-breathing animals. As noted else- 
where,* 78" 2° this conception is supported both by existing information con- 
cerning the regulation of respiration in fish?? and by the derivation of the 
carotid (and probably aortic) bodies from the same tissues that give rise to 
the branchial (gill) arterial system in the embryo.? It accounts for the great 
resistance of these receptors to the depressant effects of anoxia, for this is 
characteristic of embryonic tissues in general, and the carotid and aortie bodies 
presumably are relatively primitive, undifferentiated structures; perhaps their 
ability to be stimulated by anoxia and by great increases in carbon dioxide 
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tension and acidity, as well as by drugs and poisons that depress many other 
tissues, depends simply on their resistance to depression by these agents. This 
ii conception appears to be in better accord with available information than the 
alternative suggestion’? that these structures have the same functional charac- 
teristics and significance as the neurones of the medullary centers. 


SUMMARY 


The carotid and aortic bodies are structures whose specialized function it 
is to respond to changes in the chemical composition of the arterial blood by 
setting up afferent impulses which enter the central nervous system with the 
glossopharyngeal and vagus nerves, respectively. 

The nerve impulses in question are stimulant to the medullary centers 
(respiratory, vasomotor, and, in the ease of the carotid body of the dog, eardio- 
inhibitory). The impulses from the stretch receptors of the carotid sinuses 
and aortie arch (carried by the same nerves) are inhibitory to these centers 
(except the eardioinhibitory, which is stimulated by them). 

The chemically sensitive receptors (chemoreceptors) can be stimulated by 
anoxemia, asphyxia, increased carbon dioxide tension, or increased hydrogen- 
ion concentration, or by a variety of drugs and poisons which have no common 
chemical or physiologic attribute although the list includes inhibitors of oxidations 
(cyanide, sulfide) and substances with nicotinic properties (nicotine, lobeline, 
coniine, and choline and its derivatives). 

Reflexes from these structures are responsible for much, if not all, of the 
stimulant effects of anoxia on respiration and circulation. They probably are 
not concerned in the normal control of respiration, the sensitivity of the chemo- 
receptors to carbon dioxide being much less than that of the centers unless the 
latter is depressed; in that event these reflexes become an important factor in 
maintaining respiration. 

An explanation that is in accord with existing information on the subject 
is that the chemoreceptors represent a survival in relatively undifferentiated 
form of a reflex mechanism originally developed for a water-breathing ancestral 
form. The ability of these structures to set up a strong reflex stimulation to 
respiration when exposed to an environment that would depress or paralyze 
nerve cells (severe anoxia, very high carbon dioxide tension or acidity, deep 
narcosis) is probably related to their primitive status and responsible for much, 
if not all, of their value to the organism. 
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EPILEPSY: NEWER METHODS OF INVESTIGATION AND 
TREATMENT* 


Wituiam G. LENNOX, M.D., Boston, Mass. 


HE earliest medical writers speculated about the cause of seizures in epilepsy 

and prescribed meticulous treatments. From the time the well-known treatise 
on the subject was written by Hippocrates or one of his followers until the pres- 
ent time is a span of some 2,400 years. During nine-tenths of this period doctors 
were interested not in newer treatments but in older ones. They wanted to know 
what Hippocrates, Galen, and Aretaeus had to say about the Falling Sickness. 
Advances in knowledge have been prominent in three periods: First, about 
the end of the seventeenth century, Thomas Willis in England and Boerhaave 
in Holland began to look with their own eyes at the problem of epilepsy. Second, 
the latter half of the nineteenth century stands out because of the animal experi- 
ments of Kussmaul and Tenner, and Frisch and Hitzig, the school of English 
clinicians led by Hughlings Jackson, Gowers, Reynolds, and Sieveking, and the 
first use by Locock of an effective anticonvulsant drug, bromide. Third, is the 
present ‘‘new methods’’ period. 

The progress of research in epilepsy has, in general, followed the develop- 
ment of clinical and laboratory techniques. Because physicians realized that 
seizures arose in the brain, anatomy, at first gross and then microscopic, was 
expected to answer the riddle of epilepsy. However, as long ago as 1859 Kuss- 
maul and Tenner said: ‘‘The judicious physician will relinquish the hope that 
pathological anatomy is destined to give an explanation of the nature and seat 
of epilepsy, and he will only expect that result from the progress of the experi- 
mental physiology of nerves.’’ Events have confirmed this prediction. It is 
now realized that demonstrable structural abnormalities of the brain are the 
results of seizures or else only a contributing cause. There may be certain 
patients, for example, adults with a tumor of the frontal or parietal lobe, in whom 
the pathology is the sole cause of seizures, but such cases constitute only an in- 
significant fraction of the total number of patients who are subject to seizures. 

If the primary disorder is not anatomic, but a disturbed function of nervous 
tissues, then the specialized and intricate techniques used in chemistry, physics, 
and physiology must be called upon. However, medical science does not always 
advance along the lines of logical development ; it may start from an unorthodox 
chance observation. Twenty years ago attention was attracted to an osteopathic 
practitioner who was treating patients with seizures by means of fasting, with, 
in some instances, dramatic results. The observation was empirical but sound, 
and the beginning of the third period mentioned may properly be marked— 


*From the Department of Neurology, Harvard Medical School, and the Neurological Unit, 
Boston City Hospital, 
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Conklin, 1920. Geyelin' believed that the beneficial results of fasting may be 
due to the acidosis induced, and carried through a great volume of laboratory 
examinations which, unfortunately, he never published. Wilder? suggested that 
the acidosis of fasting could be induced also by a ketogenie diet which could be 
maintained for a longer period than fasting. Other workers at the Mayo Clinic,*° 
in Boston,’ in Baltimore,® and elsewhere have demonstrated that ketosis is accom- 
panied by definite improvement in many (about one-half) of the children treated. 
An inorganic acidosis, induced by ingestion of hydrochloric acid,® of acid- 
forming salts, or by the inhalation of air containing 10 per cent carbon dioxide’ 
also proved to be temporarily effective in stopping petit mal. Rosett'* and 
Foerster’? precipitated attacks by the opposite condition of hyperpnea. 

Changes in the acid-base balance ef the organism are attended by wide- 
spread alterations in other physicochemical and physiologic relationships. The 
simple act of overventilation, which so readily precipitates petit mal, causes 
a constriction of cerebral arterioles, with resulting decrease in cerebral blood 
flow,!? and also alters the electrical conductivity of nervous tissues’* and the 
oxygen dissociation curves of the blood. Although the oxygen saturation of 
the arterial and internal jugular blood of epileptic patients is not abnormal, a 
sharp reduction in the oxygen tension of inspired air will bring on petit mal 
attacks,’° and a temporary increase in the oxygen tension up to twenty times 
normal will hinder attacks.1° However, prolonged exposure to still higher 
tensions will precipitate convulsions. 

Working on the hypothesis that epileptics have an incomplete drainage of 
spinal fluid with resulting pressure on the cortex from the accumulated fluid, 
Fay'® proposed treatment by means of dehydration. Though the hypothesis 
was faulty, as others'” 7% have shown, the demonstration of positive effect of 
dehydration on seizures was valid. That the effect was chemical and not, as 
Fay had argued, hydrostatic, was indicated by the demonstration by MeQuarrie’® 
that seizures could be precipitated by retention of body flvids induced by the 
injection of pitressin in association with a high water intake; if normal saline 
were substituted for the water, seizures did not result. 

That convulsions in animals and patients follow the injection of an overdose 
of insulin has been known since that hormone was isolated, but the neuro- 
chemistry involved was conjectural. There seemed to be no pressing reason to 
pursue the problem until it was discovered that the induction of severe hypo- 
glycemia seemed to improve the mental condition of patients with schizophrenia. 
Then therapeutic convulsions, induced either by insulin or metrazol or electrical 
shock, beeame fashionable, and gradually physiologists and physicians are begin- 
ning to grasp the heaven-sent opportunity to study the chemistry involved in 
convulsions induced in human beings. Apparently with the exhaustion of the 
glucose of the brain, glucose and oxygen consumption is reduced,?” 21 and in the 
eviscere'ted animal the only thing which will restore cerebral activity is glucose 
itself, axd not one of its derivatives.”*. 

Although epileptics who have diabetes seem to have fewer seizures when 
the diabetes is worst, and though remissions in petit mal have been produced by 
an_insulin-glucose treatment which makes patients worse and then better,?* only 
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the very rare patient seems to have any error in sugar. metabolism which is the 


‘direct cause of seizures. This rarity is the patient with adenoma of the islets 


of Langerhans. 

A person cannot realize the importance of the physiologic investigations of 
recent years unless his view includes their drab background. One element in 
this background was present in both ancient and modern times, the belief that 
seizures might come from a suprabiological source. The Freudian conception 
that the subeonscious might throw an individual into a convulsion in order to 
simulate an intrauterine existence seems to be allied with the ancient conception 
of an indwelling demon doing his malignant daily dozen. 

However, great as these contributions were, the investigation of epilepsy 
threatened to bog down. The influence of many physicochemical changes on 
seizures had been demonstrated, but it proved to be easier to start seizures than 
to stop them. Acidosis induced by a ketogenic diet in children, or by means 
of physical exercise, and possibly dehydration therapy, seemed to be the only 
measures of clinical value. None of the dozens of researches on body metabolism 
and blood chemistry had shown any consistent abnormality in epilepties (except 
perhaps an inconsistency and instability of many metabolic functions).** Vari- 
ous chemical changes would produce seizures, but only in those persons already 
subject to seizures. Many chemical changes could be demonstrated in the body 
and blood as a result of a convulsion but none as a precursor. Chemical altera- 
tions in the urine or venous blood of the arm bore an unknown relationship 
to changes in the metabolism of the brain. Convulsions induced in animals were 
a poor substitute for the spontaneous convulsions of patients. Even the century- 
old theory that a cerebral vascular spasm produced cerebral anemia and thus set 
off a seizure lost its appeal when a thermoelectric flow recorder placed in an 
internal jugular vein failed to record any decrease in cerebral flow before the 
onset of a seizure.2? There seemed to be no avenue which would permit study 
of the activity of the living human brain and research came to a dead end. 

In spite of the boasted receptivity of our age to new ideas, statements made 
by Berger of Jena in 1929°° and thereafter that he could record the electrical 
potentials of the brain through the intact skull and that alterations of these 
potentials occurred during epileptic convulsions were ignored by physiologists 
and clinicians alike. After several years, however, repetition of his observations 
was attempted and his claim confirmed. With respect to epilepsy, the use of 
Berger’s apparatus, the electroencephalograph, opened not just a new chapter 
but a new volume in the study and treatment of this disease. The interest of 
research workers has been revived. The clinicians, instead of guessing from 
the actions of the patients what is going on in the brain, can watch the brain 
itself at work. The patient, inured through the centuries to painful experi- 
mentation, can sit in an easy chair and let his brain write its own verdict on the 
diagnosis and prognosis of its disorder. The results of the studies of Gibbs, 
Gibbs, and Lennox,”’ which have been carried on during the past five years and 
which in some respects have been amplified by others, may be summarized as 
follows: 

1. Seizures are accompanied by profound alterations in the rate and in the 
voltage of the electrical pulsations of the cortex. This is apparently true in all 
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cases except in those persons whose seizures are under conscious or subconscious 
control; hysterical seizures are not accompanied by dysrhythmia. Nevertheless, 
changes in brain activity consequent on attention or sensory stimulation (espe- 
cially optie stimulation) and on sleep greatly alter the waves. 
2. Approximately 95 per cent of patients subject to epileptic seizures show 
bnormalities in the electroencephalogram in a record taken for fifteen or twenty 
ininutes when the patient is free of symptoms. 


GRAND MAL SEIZURE 


HIGH VOLTAGE FAST WAVES 
+] 0p 


enamine ABAANAN ANAM Nh 


TONIC CLONIC 


PETIT MAL SEIZURE 
FAST WAVE AND SPIKE 
1 20007 


nN nnn 


PETIT MAL VARIANT 


SLOW WAVE AND SPIKE 


PSYCHOMOTOR ATTACK 


HIGH VOLTAGE SQUARE AND SIX PER SEC. WAVES 
pw 


Fig. 1.—Patterns of electroencephalographic tracings encountered in patients with epilepsy 
during various types of seizures; namely, grand mal, petit mal, petit mal variant, and psycho- 
motor (psychic equivalent) seizures. In the psychomotor attack, A represents the onset and B a 
later phase of the seizure. These abnormal patterns may appear either with or without seizures 
which are clinically observable. In each case the curve represents the difference in potential of 
the cortex between an electrode attached to the left forehead and one attached to the ear. The 
signal at the right indicates the deflection caused by 50 millivolts or, in the case of petit mal, 
200 millivolts current. The time marked by one second is indicated in the right lower corner. 
(From Gibbs, Gibbs, and Lennox.?*) 


3. The different types of seizures trace distinctive patterns on the electro- 
encephalogram; namely, petit mal seizures are associated with alternately fast 
and slow waves recurring at the rate of 3 a second; a slower, 2 a second, rhythm 
forms a variant, which is of particular interest because, unlike the 3-a-second 
‘orm, it is not easily influenced by changes in the chemistry of the blood. Psychie 
seizures are accompanied by slow, high voltage waves, with oftentimes a square, 
crenated top. Grand mal attacks are accompanied by fast, high potential waves 
(Fig. 1). 
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4. In many patients coming grand mal attacks can be predicted by the in- 
crease in fast waves in the electroencephalogram for as many as eighteen hours 
preceding the attack. 

5. In many patients the abnormal waves begin in a certain area, or waves 
in this area are more abnormal than elsewhere. If this area should be a frontal 
lobe with the dysrhythmia limited to it, lobectomy might prove beneficial. 

6. In case of a cortical lesion, such as one caused by a tumor or trauma, 
electroencephalographie examination discloses abnormal waves at the periphery 
of the lesion.2*-*_ The procedure is, therefore, useful to the surgeon in localizing 
lesions (whether patients are epileptic or not) which might require surgical 
intervention. 

7. The rhythm of the brain is apparently a constitutional characteristic, for 
in spite of the many conditions which may modify the electroencephalogram, an 
individual who has a distinctive pattern tends to show this same pattern, either 
normal or abnormal, when his record is taken under standard conditions on suc- 
cessive occasions. The normal tracings of healthy similar twins are closely simi- 
lar,** as are the abnormal tracings of patients ;** and a large proportion (60 per 
cent) of the relatives of epilepties, both of the essential and symptomatic groups, 
have abnormal electroencephalographie records.*?| Approximately 10 per cent 
of persons without a history of epilepsy in their immediate families have cortical 
dysrhythmia. Since approximately 0.5 per cent of the population have a per- 
sonal history of seizures, these data indicate that there are approximately 20 
persons with a dysrhythmia to one who has seizures, or in the United States 10 
million persons who have a predisposition to epilepsy, or a related disorder, to 
half a million actual epileptics. These observations raise very large personal and 
social questions concerning possible prophylaxis against epilepsy among pre- 
disposed individuals and in the race. 

8. Although epilepsy can now be spoken of as a cerebral dysrhythmia, it is 
only one of many. Dysrhythmia may be asymptomatic or symptomatic. If 
symptomatic, the associated manifestations may take the form of seizures, or 
periods of misbehavior as in ‘‘problem children,’’** or in mental disorders.**-** 
The borderlands of clinical epilepsy are ill defined. Cerebral dysrhythmia 
includes many of these borderland conditions. In epilepsy Gibbs*® believes that 
when there is cortical dysrhythmia the primary disturbance is in the ckhemico- 
electrical oscillators of the brain. If a chemical regulator of the brain can be 
found, many types of dysrhythmia associated with clinical disturbances which 
now bear various names can be helped. 

As an aid in the interpretation of records, Grass*® has utilized the principle 
of the Fourier transform to build an apparatus for the analysis of records by 
electrical means. This analyzer summates the total energy contained in the 
waves of various frequencies, the faster of which are not easily detected in the 
ordinary tracings, and it also allows accurate comparison of the records of 
various persons, with respect to the amount of energy present in the various 



































wave frequencies. 






9. The rate and voltage of waves can be altered by changes in blood 
chemistry. This fact permits a resumption of the promising chemical studies of 
a decade ago. The investigator no longer needs to wait for the patient to have a 
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convulsion. He ean watch the progress of the disorder on the moving paper tape. 
Observations with the electroencephalograph have confirmed previous clinical 
observations, for alkalosis, anoxemia, and hypoglycemia increase dysrhythmia. 
\Lowever, a previously undreamed-of opening for study has appeared in the fact 
ihat certain chemical changes in the blood ean be correlated with certain varia- 
‘ions in the rate of brain waves, and these with various types of seizures. 
\rtificial reduction of carbon dioxide in the alveolar air and arterial blood slows 
ihe frequeney of brain waves and is especially potent in precipitating petit mal 
which has an extremely slow 3-a-second wave. Increasing the carbon dioxide, 
on the other hand, speeds up brain waves and inhibits petit mal. Furthermore, 
and this seems especially significant, patients who have only petit mal tend to 
have a low concentration of carbon dioxide in the arterial and internal jugular 
blood, whereas patients who have grand mal tend to have an abnormally high 
value.*? This statement refers to blood taken at odd times, but in a few observa- 
(ions which have been made arterial carbon dioxide seems to fall before a petit 
mal and to rise before a grand mal. The evidence is not yet complete, because it 
has not been shown that overventilation will inhibit a grand mal and high carbon 
dioxide will precipitate it. 

Efforts are now being made to evaluate the various factors in the acid-base 
halanee of blood passing through the brain in their relationship to seizures and 
to dysrhythmia. In these studies a lumbar puncture needle is placed in an 
inter'ial jugular vein and in a femoral artery, and blood samples are withdrawn 
simultaneously from these two vessels before, during, and after seizures, and 
with relation to procedures which alter blood chemistry and brain waves. So 
far these observations indicate that small changes in carbon dioxide are much 
more influential in altering the electrical activity of the brain than are changes 
in oxygen or glucose. The changes in cerebral blood flow which follow changes 
in arterial carbon dioxide seem to be for the purpose of protecting the brain 
against abrupt fluctuations of carbon dioxide tension.‘ Studies of the nomo- 
grams expressing the relationships of the carbon dioxide content and tension and 
the pH of arterial and internal jugular blood indicate distortions of the nomo- 
gram in epileptic patients as compared with nonepileptic persons,** and after 
artificial changes in carbon dioxide level an abnormally slow return of the cere- 
bral cireulation to its former flow. 

Obviously these investigations are but a step toward an understanding of 
the physico-electrochemical processes which are concerned in the discharge, 
normal and abnormal, of the neurones of the brain. However, the gateway to 
new adventures in the realm of fundamental factors in the activity of nerve cells 
is now open for those who have the technical knowledge, equipment, and money 
to proceed. 

These investigations are aimed primarily at an understanding of the under- 
lying etiology of epilepsy, the peculiar inherited characteristics of neurones 
whieh cause them to discharge in a manner inimical to the welfare of the in- 
dividual. Electroencephalographie examinations are of practical value to the 
physician and patient in judging the severity of the dysrhythmia and its re- 
sponse to treatment, in localizing cortical lesions when these are present, and in 
tracing the descent of epilepsy and related cerebral disorders. These newer 
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studies have answered many questions which have troubled students, but they 
‘have added others. For example, why do some persons with dysrhythmia have 
symptoms and others have none? Can the physician be content with stopping 
seizures but not dysrhythmia? What must be said to normal persons who have 
no suggestive family history of epilepsy or migraine but who do have dys- 
rhythmia? Epilepsy research factories have a ‘‘backlog’’ of orders for many 
years to come. 

Of newer aids to therapy, sodium diphenyl hydantoinate (dilantin sodium) 
is outstanding. Putnam and Merritt** used a method similar to one employed 
also by Spiegel*® for producing convulsions in animals by passing an electric 
current through the brain. The amount of current required to produce a con- 
vulsion could be determined for an individual animal and the effect of the 
vavious drugs in preventing convulsions could be evaluated. Merritt and Put- 
nam** tested scores of drugs, several of which seemed to have a higher anti- 
convulsant value than either of the accepted anticonvulsants, bromides, or pheno- 
barbital. One of these, sodium diphenyl hydantoinate, was put to clinical tests 
and has proved its usefulness. Experience has shown that for the majority of 
patients dilantin sodium is more effective in controlling attacks than other drugs, 
and it has a relatively slight hypnotic effect. It is much more effective in 
stopping psyehie and grand mal than in stopping petit mal seizures. More ecare- 
ful supervision of the patient and the dosage is required than for bromide or 
phenobarbital. The amount given must be increased until satisfactory thera- 
peutie results are achieved, or until unpleasant side actions occur. This means 
that many patients given this treatment will show one or more of these side 
actions, namely, gastric irritation, ataxia, skin eruptions, or hyperplasia of the 
gums. Persons not sufficiently helped by dilantin sodium alone may be given 
phenobarbital or phenobarbita! and benzedrine. For the large number of pa- 
tients whom the drug dramatically helps, the year 1938 will be a milestone, just 
as 1857 (bromides) and 1912 (phenobarbital) have been milestones for previous 
generations of epileptics. Though not of such widespread usefulness, the demon- 
stration by Cobb and Cohen* that certain dyes exert an inhibitory effect on 
seizures is of much theoretical interest. Aird** suggests that the dye may clog 
the blood spinal fluid barrier and thus prevent supposed convulsive toxins from 
entering the brain. Experiments with animals are handicapped by the fact that 
animals have not been used (if indeed any exists) which have an underlying cere- 
bral dysrhythmia and spontaneous seizures. Animals made epileptic belong to 
the so-called symptomatie variety. Nevertheless, convulsions induced in un- 
anesthetized animals by electric shock, either direct or from remote excitation,*® 
or by eonvulsant drugs, permit evaluation of measures which affect seizure 
threshold, and offer a means for following the neurologic pathway of a seizure.*° 
More nearly approximating clinical conditions are cerebral lesions which in the 
course of hours or days are followed by apparent spontaneously appearing 
seizures. This has been accomplished through freezing small areas of the cortex 
by Speransky*? and through very high roentgen-ray exposures by Derbyshire.*? 

Advances have been made also in special fields. The operating room, espe- 

cially that of Penfield,®* has been used as a laboratory for tracing in the ex- 
posed cortices of patients ‘‘trigger zones’’ of Jacksonian seizures and for 
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observing spontaneous vascular responses to cortical stimulation as well as those 
whieh follow it. Careful histologic studies of the brain have demonstrated that 
an area of necrosis caused by a small vascular or other lesion may grow larger 
ever a period of months or years, thus accounting for the long interval which 
may elapse between a head injury and the first seizure.** Also, bold surgery 
las freed many selected patients of seizures due to tumor or trauma.°*° 

Part of the progress of research in epilepsy has been the elimination of 
croups of persons who rightfully belong in some category besides epilepsy. 
‘Many a patient labeled ‘‘hysterical’’ or ‘‘psychopathie personality’’ or simply 
‘‘mean,’’ can now be diagnosed as dysrhythmiec and treated as a sick person 
iastead of an emotional or bad one. Rarely has the person labeled ‘‘epileptic’’ 
heen proved hysterical. Through the work of Weiss and his associates,®® the 
physician is now able to sift from his epileptics the occasional patient whose 
seizures are due to an irritable carotid sinus and whose symptoms can be re- 
lieved by atropine, benzedrine, or by extirpation of the sinus. The study of 
migraine, which is genetically related to epilepsy,®” has shown the importance of 
abnormal relaxation of the branches of the external carotid artery in the pro- 
duetion of headache®* and the dramatic relief of individual attacks of migraine 
which ean be obtained by the injection of ergotamine tartrate.°® Persons with 
nareolepsy have also been vastly aided by drug treatment with benzedrine 
sulfate.®° 

Scientific advances in the understanding and treatment of epilepsy in the 
last twenty years have been prodigious, but public appreciation of the size 
of the social and economic aspects of the problem, and correction of the popular 
attitude toward persons with seizures have lagged far behind. Popular ignor- 
anee, fear, and prejudice are reminiscent of the Middle Ages. Gradually the 
public must learn that epilepsy is not necessarily or usually associated with 
mental deterioration, and that most epilepties, if given a chance, ean be useful 
citizens. The problem of the ten million potential epileptics should not arouse 
fear, but a determination to learn more about epilepsy and dysrhythmia and 
their treatment. 

As an experiment in this direction an organization called the ‘‘Laymen’s 
League Against Epilepsy’’ has been formed. Anyone may become a member 
and pay either $1.00 or $5.00 annualiy. Each member receives a series of 
bulletins which give authoritative information about the whole subject of 
epilepsy, and a portion of the dues are used in carrying on research work in this 
field. Among physicians the ‘‘ American League Against Epilepsy’’ (to which 
any interested and qualified physician may belong) is a chapter of the inter- 
national organization. In epilepsy there would seem to be unusual opportunity 
and need for medical investigators, medical practitioners, patients, and the 
veneral public to unite in trying to solve a problem which is a puzzle and a 
pain to all. 
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THE DEVELOPING EGG AS A CULTURE MEDIUM* 
ERNESt W. GooprastuRE, M.D., NASHVILLE, TENN. 


HIS paper deals with the chick embryo and its membranes as an individual 

living experimental host for a variety of infectious agents rather than as the 
source of viable cells and juices for tissue cultures.t The developing egg has 
proved to be susceptible to a greater number of viruses than any other living 
host, and it has also been found to be infectable by certain protozoa, spirochetes, 
fungi, bacteria, and rickettsiae.2 To many of these infectious agents the hatched 
chick possesses an apparently complete natural resistance. The chick embryo, 
therefore, has a very high degree of susceptibility inherent in its cells and its 
developmental environment; it seems to have little or no capacity to aequire 
specific immunity before hatching. 

The chick embryo is exceptionally useful for the study of many problems 
of infection of widely different kinds, and of resistance—natural, acquired, and 
passively transferred. Because of the large number and variety of infectious 
agents that can be cultivated in a pure state in the chick embryo, it is also a 
useful medium for the production in quantity of uncontaminated vaccines. 





It has also been found that certain viruses can be modified by successive 
infections in embryos in such a way that they become less virulent for other 
hosts, so that in the modified form they can be used as infectious vaccines. Some 
viruses multiply enormously in the infected embryo in fully virulent form; this 
fact has facilitated the production of certain vaccines that can be used after 
inactivation. 

Historically the first published aecount of experimental infection of the 
chick embryo of which I am aware was Levaditi’s report, published in 1906, de- 
scribing his results with the spirillum of fowls discovered by Marchoux and 
Salimbeni.* Levaditi acknowledged his indebtedness for the technique to Borrel 
who infected embryos the year before with this microorganism but did not 
publish his observations. 

Levaditi’s experiments were of particular significance in that they suggested 
a relationship between the life processes of the embryo and the susceptibility 
to spirillosis. They emphasized also the phenomenon of the passive transfer 
of immune bodies through the egg from the mother to the offspring. 

Rous and Murphy‘ published in 1911 their results of implanting and inocu- 
lating chick embryos with a transmissible sarcoma of fowls and its filtrate. 
These experiments had important bearing upon virus infections and tumor ecul- 
ture, and upon matters relating to organie differentiation as they might affect 
susceptibility and immunity. 

In 1920 Juan and Staub’ infected chick embryos with the virus of avian 
pest, and in 1929 Gay and Thompson*® obtained evidence indicating the propaga- 

*From the Department of Pathology, Vanderbilt University Medical School, Nashville. 
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tion of vaccinia virus in these animals. Woodruff and Goodpasture,’ and Wood- 
ruff, Goodpasture, and Buddingh,® demonstrated in 1931 the susceptibility of 
the chorio-allantois of chick embryos to the viruses of fowl pox, herpes simplex, 
and vaccinia. Their investigations called attention to the unusual susceptibility 
of chick embryonic tissues to viruses and to the possibilities inherent in the 
method for the study of a variety of infectious agents. Subsequently, Good- 
pasture and Anderson,? Gallavan and-Goodpasture,’® and Buddingh and Polk™ 
demonstrated clearly the usefulness of the chick embryo for studies of the patho- 
genesis of bacterial infections, including those of Hemophilus pertussis, Hemo- 
philus influenzae, and Neisseria meningitidis, for which there is no readily avail- 
able host other than man. 



































Following these studies the chick embryo has been used extensively and the 
method has become recognized as a useful procedure for the investigation of 
virus infections and those infections due to a variety of parasites.® ” 


METHOD 


It is necessary to have a constant source of fertile eggs. The poultry in- 
dustry has made available excellent types of incubators which are relatively 
inexpensive. The best ones are electrically operated and are provided with auto- 
matic control of heat and moisture and a simple device for daily rotation of the 
eggs, 

As a rule, the younger the embryos the worse they stand operative pro- 
cedures. For this reason, we prefer to use, wherever possible, embryos that 
have incubated for ten to fourteen days. The normal incubation period for 
hen eggs is twenty-one days; consequently, several days are available for experi- 
mental observations. ; 

Opening the eggs, at first a tedious procedure, has been made simple, rapid, 
and uniform by the use of a eutting carborundum disk, rotated by means of a 
dental motor with attached flexible shaft and chuck. This machine is operated 
by means of a foot treadle which permits variable speed. Underlying the egg 
shell is a tough, fibrous membrane, called the shell membrane, which is a secre- 
tion product of the isthmus of the hen’s uterus. When cutting a window in the 
shell for the purpose of inoculation or observation, the ealcinated shell alone is 
first penetrated by means of the carborundum disk. The area outlined by the 
eut is then covered with a thin coat of hot melted paraffin to fix loose particles 
and to prevent contamination during succeeding operations. Next, the fibrous 
membrane is penetrated with a spear point needle and cut along the shell in- 
cision, leaving one side of the cap for a hinge or, if the eap is to be discarded, 
that side is easily torn across by pulling away the shell cap.% 
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Only eggs that have been proved to contain living embryos are operated 
upon. Fertility is determined by candling the egg; by this means the extent ' 
of development of the chorio-allantoic membrane may be seen, and its large blood 
vessels located if it is desired to expose them for purposes of injection or other- 
wise. ‘ 


say 


Beneath the fibrous membrane, upon which the calcium is deposited with 
its coating of mucus, lies the chorio-allantois, by means of which respiration 
takes place; on its outer surface is a layer of ectodermal epithelial cells inter- 
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rupted by abundant capillaries which underlie the epithelial layer and protrude 
through it. Beneath the epithelium, and supporting the blood vessels, is the 
fibrous tissue of the mesoderm, and below this is a continuous layer of endo- 
dermal epithelium. The chorio-allantois membrane is a very useful site to 
inoculate for many purposes; it can be viewed and manipulated easily and at 
will. The window, after inoculation or other operations, may be sealed by sur- 
rounding it with a layer of vaseline-paraffin mixture upon which is placed a cover 
glass. Through this cover glass one can see at any time what is going on super- 
ficially, and the membrane can be viewed through a dissecting microscope or, for 
higher magnification, through an Ultropaque equipment. If moisture collects 
beneath the glass, it can be readily removed by applying a blunt hot instrument 
to the glass cover. 

Through the shell opening inoculations can be made into different parts of 
the embryo itself, into the amnion, or intravenously. Also, material can be 
removed at will for examination or culture. After the egg is inoculated, it 
is placed in an ordinary bacteriologic incubator on a wire tray with a diamond- 
shaped wire mesh of a size satisfactory to hold it in position with the window 
uppermost. The incubator temperature is maintained at about 37° C. For some 
purposes lower temperatures are advisable. For example, Bengtson and Dyer* 
found that the rickettsiae of Rocky Mountain spotted fever were more numerous 
in inoculated eggs incubated at 33° C. 


VIRUS INFECTIONS 


The cells of the chick embryo have been found to be susceptible to infection 
by a much greater number of viruses than any other single host. Consequently, 


the embryo may be used as a convenient living medium for the cultivation and 
15, 16 


experimental investigation of a great variety of these agents. 

The following viruses that are pathogenic for man have already been culti- 
vated in this medium, namely, those of smallpox, alastrim, and vaccinia; herpes 
simplex, virus B, yellow fever, and Rift Valley fever; St. Louis encephalitis, 
lymphoeytie choriomeningitis, equine encephalomyelitis, louping ill of sheep, 
and rabies’; the common cold, epidemic influenza, and psittacosis. 

Of viruses affecting animals, but to which man is apparently insusceptible, 
the following have been cultivated in chick embryos: Rous sarcoma, fowl pox, 
fowl plague, infectious laryngotracheitis of fowls, New Castle disease, infectious 
bronchitis of chickens, Pacheco’s parrot disease, vesicular stomatitis of horses, 
myxomatosis of rabbits, ectromelia of mice, sheep pox, and pseudorabies, 

Thus far among viruses affecting man, the following have resisted cultiva- 
tion in the chick embryo, namely, those of molluscum contagiosum, warts, 
mumps, herpes zoster, varicella, poliomyelitis, and measles. 

It has been reported that the virus of measles, for which there is no other 
adequately proved susceptible host than man, has been cultivated in the chick 
embryo, but there is as yet no acceptable confirmation."* 

Most of the reports of virus infections have concerned only lesions as mani- 
fested in the chorio-allantois, little or no attention having been devoted either 
to distribution of virus in the embryo proper or to evidences of localization in 
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the body of the embryo as manifested by specific lesions. Frequently there has 
been no cytologic description of the membranal lesions themselves. Various 
routes of inoculating the embryo are accessible, and infection of the embryo 
proper, directly or by extension, offers great possibilities as yet too little realized. 
Classical examples of this potentiality are illustrated by the studies of vaccinia 
by Buddingh’® and of herpes simplex by Anderson.?° 

It is to be emphasized that an adequate study of a virus infection, and for 
that matter any other sort of infection, should be founded upon a eytologie and 
histologic basis; and if one is to derive the most from the chick embryo method, 
morphology must direct investigations of pathogenesis. It is well known that 
most viruses induce characteristic changes in the cells they affect, and one can 
determine the course, distribution, and the fact of localized infections so well in 
no other way as by microscopic study of the cellular structure of the host. 


RICKETTSIAL INFECTION 


The rickettsiae of Mexican and European typhus fever have been cultivated 
in the chorio-allantois of chick embryos by Zia,?' and those of Rocky Mountain 
spotted fever by Bengston and Dyer.’* Cox has succeeded in growing the rick- 
ettsiae of Rocky Mountain spotted fever and of the typhus group in the yolk sae 
of the developing egg.”? 

Inoculation of the chorio-allantois results in infection of the ectodermal 
epithelial cells, and it seems likely that growth in the yolk sac is the result of 


infection of the endodermal lining cells. No adequate study has been made of 
infection of the embryo proper by various routes of inoculation. 


BACTERIAL INFECTION 


The usefulness of the chick embryo method for the study of bacterial in- 
fection was indicated by Goodpasture and Anderson, who induced infections 
with pure cultures of Staph. aureus, Strep. hemolyticus, Strep. viridans, B. 
aerogenes, E. typhi, B. abortus, and C, diphtheriae. These authors called atten- 
tion to intracellular growth of some of these strains and pointed out the im- 
portance of this phenomenon in the processes of invasion.® Internal lesions of 
the embryo following membranal infection were described in some instances. 


Subsequently, Gallavan,?* and Gallavan and Goodpasture,’® described in- 
fection of the embryo with H. influenzae and H. pertussis. Localization of in- 
fection with the former microorganism in- the brain and meninges and on the 
ciliated border of respiratory epithelium with the latter was described, and the 
similarity of these lesions to those encountered in human infections with the 
same bacteria was emphasized. Buddingh and Polk were able to infect embryos 
with the meningococcus, and under suitable conditions they reproduced, not only 
the septicemic form of disease, but also a specific suppurative meningitis.” 
Their results indicated that meningitis results from a localization of blood- 
borne meningococci. 


Morrow and Berry* infected the chorio-allantois with N. gonorrhoeae and 
used this technique to study the effect of sulfanilamide therapy. This work was 
confirmed as regards infection by Hill and Pitts.” 
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Other reports of bacterial infection of various kinds have been made by 
Pandit, Rao, and Shortt®*; Castil and Bloch’; Metzzer, Beaudette, and Stokes”*; 
and Weil and Valentine.*® 


SPIROCHETAL INFECTION 


Morrow, Syverton, Stiles, and Berry*®® reported growth of L. icterohaemor- 
rhagiae in the chick embryo, and this was confirmed by Davis.*t Chabaud*? and 
Oag** succeeded in infecting the embryo with S. duttoni. As yet there is no 
satisfactory evidence that S. pallida has been cultivated in this medium. 


FUNGUS INFECTIONS 


Goodpasture** suggested that the chick embryo method might be useful 
for study of fungus infections after observing the effect of certain contaminants 
on the chorio-allantois. Recently Moore* has called attention to the usefulness 
of the chick embryo for the study of a number of pathogenic fungi. 


PROTOZOAL INFECTION 


Levine, Brandly, and Graham*® have infected chick embryos with 
Tritrichomonas foetus and Chabaud has used these embryos for studies of in- 
fection by certain pathogenic trypanosomes.** 

This incomplete list of publications will serve to indicate the usefulness of 
the chick embryo method for studies of a wide variety of infectious agents. 
yoodpasture, Douglas, and Anderson** have demonstrated the possibility of 
studying infection more indirectly by inoculating iso- and hetero-grafts of skin 
from susceptible animals, and Polk, Buddingh, and Goodpasture,®® and Good- 
pasture and Anderson,’® among others, have illustrated possibilities of the 
method for studies of immunity. 


FUTURE POSSIBILITIES 


The chick embryo is a living host that is susceptible to infection by a wide 
variety of pathogenic agents, and the possibilities of its use for study of patho- 
genesis are almost unlimited. Because of the practicability of introducing effec- 
tive amounts of antiserum into the embryo, and because this immature animal 
apparently is incapable of producing antibodies in demonstrable quantity itself, 
an opportunity is afforded for studies of passive immunization. 

Although the use of the chick embryo technique for investigation of chemo- 
therapeutie agents of various kinds has only begun, it seems evident that it will 
afford an exceptionally good opportunity for chemotherapeutic experimentation. 

The usefulness of the method for the production of certain vaccines in 
quantity for administration either as infectious or as noninfectious antigens has 
already been demonstrated, and it would seem likely that its adaptability to this 
purpose will be greatly extended in the future. 

Buddingh and I" in recent years have developed a satisfactory method 
for preparing antismallpox vaccine in quantity, free of bacteria, by infecting 
the chorio-allantois of chick embryos. Modifications of this method have been 
used by others for the same purpose and with satisfactory results. Our own 
experience has led us to believe that a vaccine thus prepared could with ad- 
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vantage supplant calf lymph for human antismallpox prophylaxis. A recent 
extensive report by Stevenson and Butler*' from the National Lymph Establish- 
ment is very favorable to its use. The method described by Buddingh* of pre- 
serving vaccine in sterile serum, not possible with contaminated lymph of the 
ealf, greatly prolongs its activity even against the adverse effects of body tem- 
perature. 

Assuming a role of immense importance in individual and mass protection 
against yellow fever, endemic on two continents, are the recently developed 
methods of vaccination by the use of attenuated strains of yellow fever virus. 
The strain used by the International Health Division of the Rockefeller Founda- 
tion, with which over a million persons have been vaccinated in South America, 
is propagated routinely in tissue cultures, but for vaccine production it is 
inoculated into chick embryos. The infected embryos yield an abundance of 
virus. The vaccine induces a mild infection, without significant clinical symp- 
toms, followed by the appearance of antiviral antibodies in the circulating blood 
signifying protective immunity. 

Among the newcomers of viruses discovered to be pathogenic for man is 
that of equine encephalomyelitis, now thought to be an endemic infection among 
a variety of birds rather than a natural disease of horses. There are two im- 
munologically distinct strains of this virus in our country, namely, the Eastern 
and the Western stains, and during the past year fatal infection with each has 
occurred in human beings. Both are highly infectious for chick embryos. 

Beard and his co-workers*® have described a vaccine prepared from virus 
cultivated in the chick embryo and treated with formalin that is being widely 
used with apparent success in animal prophylaxis. It is to be hoped that human 
infection with this virus will not reach proportions requiring similar immunizing 
procedures. 

Beaudette* states that the New Jersey College of Agriculture supervises 
the production of laryngotracheitis vaccine at the Vineland Poultry Laboratories 
to insure purity and potency of the product. This virus is grown on the chorio- 
allantois with excellent results. These laboratories also produce their pigeon 
and fowlpox vaccine in the same way, i.e., by cultivation in the chick embryos. 

Several publications have demonstrated the usefulness of the chick embryo 
method for inducing variation of certain viruses in the direction of lessened 
virulence thereby affording the possibility of experimental development of 
strains suitable for prophylactic vaccination. Thus far this has been accom- 
plished, as indicated by the reports of Burnet** with the virus of’ influenza ; 
of Beaudette*® with the virus of bronchitis of fowls; of Penna and Mous- 
satche*® with the virus of yellow fever; of Buddingh*’ with the virus of 
fowlpox; of Anderson?® with the virus of herpes simplex; and recently, of 
Dawson** with the virus of rabies. The possibility of future developments along 
this line-for modifying not only viruses but also other types of pathogenic 
agents would seem to be particularly promising. x 

Finally, there remains the probability that the chick embryo will even- 
tually prove to be the means of cultivation of certain viruses that so far have 
resisted transmission to species other than those in which they occur naturally. 


ciclasme-otp lig aac gts age ee ee ee 




















































SRS Ge ap 


iets 
ph Sa 


RS BSA al au tis 





vais 


ic ah gaa 


a NRE a ol 





a el eR a ee i a ee ee 


248 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


There are already indications that the virus of measles will infect chick 
embryos,'* and if this is confirmed, an opportunity might be afforded to pro- 
duce an effective vaccine for human prophylaxis. 

Possibly fruitful lines for investigation in relation to infection could be 
initiated by means of the chick embryo technique in the direction of attempts 
to influence susceptibility and resistance by experimental variation in vitamin 
content and hormonal balance. The problem of the nature of natural resistance 
can also be attacked, because in many instances the highly susceptible cells and 
tissues of the embryo become completely insusceptible with advancing maturity. 

The potentialities of the chick embryo method for studies of infection have 
only begun to be recognized, and one may look forward hopefully to a much 
oreater realization of its usefulness in the future. 
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THE VIRUSES* 
Maucotm H. Sour, Sc.D., LL.D., ANN Arpor, MicH. 


a Wit proceed down the scale of plant and animal life, from the largest 
to the smallest forms, no marked difficulties in differentiation are encoun- 
tered until dimensions of 0.1 to 0.2 mm. are reached. At this level the hyphae 
of some of the molds and the itch mite are still clearly discernible to those 
with good vision. The wiggling extremities of the latter leave no doubt in the 
minds of the afflicted regarding classification. Continuing, one then enters the 
realm of the microcosm where with other types the yeasts and protozoa are 
unicellular representatives of the two great kingdoms. Near the lower border 
of the microscopic world stand the pleuropneumonia organisms, the Rickettsia 
and certain inclusion bodies associated with virus diseases, the morphology and 
structure of which are not too clearly revealed by the best staining methods. 
Are these forms plants or animals? Do the limits of microscopic vision coin- 
cide with an abrupt and exact transition point between the living and the non- 
living? The fundamental methods and techniques for the investigation of 
this problem have been mere extensions and refinements of the procedure 
employed with the bacteria; hence, progress to a marked degree has paralleled 
developments in this field. 

The early acceptance of bacteria as agents of disease was based on the 
regularity with which they were present in the tissues, their growth on artificial 
media, and the infectivity of the cultures for susceptible animals. Detection, be- 
cause of size, depended upon the microscope. The capabilities of this instru- 
ment were held to be entirely adequate to reveal all living things. Pasteur 
was the first to question this belief. In 1884 he found that the spinal cord of 
dogs which died of spontaneous rabies contained no visible microbes and gave 
no cultures in vitro, but embodied elements which multiplied when introduced 
subdurally into normal dogs or rabbits. With his usual genius and imagination 
Pasteur postulated the existence of a living submicroscopie world containing 
the same wealth of members as made up the microcosm. On this basis, the 
newly discovered rabies virus was the first representative. Thereupon, the term 
virus connoted a viable microscopically invisible agent rather than a poison. 
This interpretation of the word was promptly accepted, due in no small measure 
to the support of Pasteur and of additional outstanding discoveries. 

The next development was in 1892 when, according to Iwanowski, the juices 
of plants with mosaic disease remained infectious after passage through the 
recently developed Chamberland filters of unglazed porcelain impervious to 
bacteria. Beijerinck confirmed and extended this observation, and in 1897 
the infectious agent of hoof and mouth disease was recognized in what appeared 
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to be sterile filtrates of diseased tissue. The designation, virus, now acquired 
additional meaning because of the filtration experiments, and it was applied 
for a long period of time only to those disease-producing entities, so-called 
filtrable viruses, capable of passing filters that retained ordinary bacteria. The 
agents of mosaic disease of plants, hoof and mouth disease, and on discovery, 
canine distemper, equine encephalomyelitis, lymphopathia venereum, polio- 
myelitis, influenza, yellow fever, and others, came under this category. In most 
instances, before the virus etiology of a disease could be established, it was neces- 
sary to account for and to eliminate the claims of certain visible organisms, either 
bacteria or protozoa, to this role. By way of example, there were the B. cholerae 
suis in hog cholera, Bacillus X, B. icteroides, and Leptospira icteroides in yellow 
fever, and more recently, greening streptococci in influenza and poliomyelitis. 


During the past decade, following a renewed interest in viruses, and, as 
an outgrowth of intensive studies of their chemical and physical properties, the 
definition has been further narrowed with emphasis not only on their ability to 
traverse fine membranes, but also on the intimate relationship which seems to 
exist between virus and host cell, such as their intracellular position and their 
failure to grow in the absence of living cells. The viruses form a continuous 
series, ranging in size from within the lower limits of ordinary microscopic vision 
(vaccinia 250 mz) to dimensions of 10 mp (hoof and mouth virus). In this 
submicrocosm, problems of classification and questions such as whether certain 
species are plants or animals assume only academic significance; they, the 
viruses, are unequivocally entitled to the designation, protists or first forms. The 
smallest viruses are theoretically beyond the range of the recently introduced 
electron microscope, and instruments employing shorter wave lengths or some 
other principle will have to be developed before we can make direct observations 
of the morphology of these agents which approach molecular dimensions. The 
available data have been ascertained by selective filtration, using graded collodion 
filters, and have been confirmed and extended by ultracentrifugation. In keep- 
ing with variation in the size of the cells of any one bacterial species, the viruses 
differ in size within quite definite limits. 

Viruses were first recognized and described in terms of biological activity ; 
they continue to be revealed only by means of this attribute. One of the most 
fruitful fields for the obtaining of fundamental information in virus research 
is with the plant pathogens of which there are many. The restrictions, such as 
excessive costs for the purchase and care of animals, elaborate quarters, and 
possibilities of human infection which confront those studying the animal viruses, 
are nonexistent. Here, one may have on hand at any one time thousands of in- 
fected plants in modest surroundings, and with no danger to those associated 
with the investigation. A few of the intriging problems of viruses and virus in- 
fections, the unraveling of which at present seemingly offers insurmountable 
obstacles, will now be considered. 

Viruses multiply only within certain living cells, thus their purposeful eulti- 
vation in vitro is limited to those media containing living tissue. Sedulous at- 
tempts to grow viruses in the absence of viable cells have failed, yet the belief 
that viruses are living agents depends upon the fact that they are capable of re- 
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production and adaptation in the living plant or animal body. When an animal, 
chick embryo, or tissue culture, such as the agar roll tube, is inoculated with 
a definite quantity of the virus, it is found, after a suitable incubation period, 
that the virus has reproduced itself in relatively enormous quantities, a small 
fragment of tissue yielding millions of infective doses. Perpetuation of the 
virus and its prolification can be carried forward at will for unnumbered gen- 
erations or passages. But why this intimate relationship between parasite and 
host cell? Two theories may give some insight into the phenomenon: (1) 
Is it a protective mechanism from toxic substances in the extracellular spaces? 
or (2) May we assume that a virus is an organism which by persistent local- 
ization within the cell is deficient in enzyme systems and has thus lost the 
power to synthesize its own nutrient materials to the state at which they are 
active within the cell; and they, therefore, cannot grow in extracts of the cell 
but only within the cell itself? If we follow this latter theory to its logical 
conclusion, we may deduce the nonviable nature of viruses, which attitude at 
present is decidedly popular and is gaining in favor. It is necessary merely 
to postulate that in this adaptation to an intracellular existence the enzymes 
have been progressively lost and appropriated from the cell. Ultimately a 
mere nucleoprotein is left which is itself inert and only exhibits the characters 
of life, borrowing and directing the enzyme system from the cell it invades for 
its own reproduction. Such an implication is in keeping with the work of 
Stanley, who has isolated the virus of tobacco mosaic, as well as certain other 
viruses, as crystalline nucleoproteins with definite chemical and physical prop- 
erties. Nevertheless, it should follow that if this process is essentially progres- 
sive, viruses should exist which have not yet lost their power of synthesis to 
such an extent that an intracellular existence is mandatory. The ubiquitous 
distribution of saprophytic viruses is predicated by certain British workers who 
have actually isolated several species from sewage and grown them in eell 
free media. If we adopt the first theory, which accepts viruses as living 
entities, the attainment of the goal of the in vitro cultivation resolves itself 
into one of two possible plans: (1) the development of techniques for the 
neutralization or removal of toxic substances, or (2) the accurate reproduc- 
tion within the culture tube of the nutritive conditions within the cell, thus 
permitting the virus to grow in a sterile medium devoid of cells. The second 
concept becomes a straightforward problem of analytical and synthetic or- 
ganic chemistry, but is tinetured by the evidence from epidemiologic ob- 
servations that a belief in the spontaneous fabrication of viruses by host cells 
is unwarranted. 

Many virus-infected cells contain inclusion bodies appearing in the cell 
cytoplasm or nucleus, or in both cytoplasm and nucleus. On rare occasions 
the inclusion bodies characteristic of two different virus diseases may be 
present simultaneously in the same cell, thus evidence of a double infection. 
The inclusion bodies are pleomorphic, of various kinds and peculiar to certain 
types of cells. Negri bodies discernible within the ganglion cells of the brains 
of animals affected with spontaneously occurring rabies, and Guarnieri bodies 
within the epidermal cells in lesions of vaccinia are among the best known 
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examples. They stain readily and are easily recognizable in clinical material, 
yet the nature, significance, and relationship of these and other inclusion 
bodies to the specifie virus with which they are associated are not clear. 

In diagnostic procedures the presence or absence of inclusion bodies is 
of considerable importance. Unfortunately, their distribution is limited to 
a relatively small proportion of the virus diseases. Are the inclusion bodies 
and the virus one and the same, the former aggregates of the latter? Are 
the inclusion bodies degenerate products of cells attacked by virus, or are they 
virus clothed with cellular material? There are sponsors for each of the three 
theories. Preparations of pure inclusion bodies, the elementary bodies of 
vaccinia, have been obtained and subjected to biological studies. It appears 
from the results that the elementary body is a viable organism deficient in 
certain enzymes. 

The viruses, like bacteria, manifest a striking selective affinity for par- 
ticular tissues in the bodies of their host, as for example, the neurotropic 
‘viruses of rabies, lethargic encephalitis, poliomyelitis, and equine encephalo- 
myelitis, and dermatropic herpes virus. The viruses in these diseases pre- 
sumably proliferate only in the tissues attacked according to their selective 
affinities. A number of virus diseases occur as acute, generalized infections, 
notably among which are hog cholera, distemper, and influenza. In these 
the causative viruses multiply in the circulating blood and viscera and, as 
might be expected, are concentrated in these locations. 

A striking feature of many of the viruses, which is not highly developed 
among bacteria, is their adaptation to foreign hosts and individual tissues. 
Such virus agents as poliomyelitis can be ultimately perpetuated in certain 
species of monkeys, and vaccinia, yellow fever, and herpes, which are not 
neurotropic in natural infections, may be adapted to the nervous system of 
laboratory animals by experimental procedures. Considerable difficulty may 
be encountered in making the initial transfer from the natural to the experi- 
mental host. The first ‘‘take’’ may cause little disturbance or escape observa- 
tion. This is particularly true in infantile paralysis. The infection in monkeys 
following inoculation with human material is often detected only after pro- 
longed fatigue by vigorous exercise. The recent report of the production of 
poliomyelitis in the cotton rat (Sigmodon hispidus hispidus) following inocula- 
tion with monkey passage material at present seems to be limited to only one 
strain of human virus. In general, many passages are required for the attain- 
ment of fixed virulence and type. With the virus of yellow fever the phenom- 
enon of changing this typical viscerotropic into a fixed neurotropic virus occurs 
as a result of intracranial inoculations in white mice. 

Of added interest is the fact that a given virus, when repeatedly passed 
serially through a particular species of animal, may increase in virulence for 
this species and progressively lose, its virulence for the original host. The 
classical example of this change is the rabies virus which when maintained in 
rabbits becomes highly infectious for these animals but appears to diminish 
in infectiousness for dogs. Accidental infections in human beings with monkey 
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strains of the°virus of poliomyelitis, as well as rabbit brain rabies vaccine, pre- 
clude any generalizations at this time. 


Certain findings with other diseases are of considerable interest. Watson, 
experimenting with the virus of equine encephalomyelitis, succeeded after several 
failures in establishing the malady in guinea pigs by intracranial inoculations 
of naturally infected horse brain. Following a few passages it attained high 
virulence and seemed stabilized as a neurotropic virus for guinea pigs. By 
similar procedure the guinea pig strain was established and fixed in white mice 
and, in turn, the mouse strain in the chick embryo. The comparative infectivity 
and virulence of the three strains so developed in the guinea pig, mouse, and 
chick embryo, respectively, were significant. When the virus-containing tissues 
of these animals were titrated in dilutions carried to 1:100,000,000, using 0.1 c.e. 
of each dilution as a volumetric dose for inoculation, the minimal infective dose 
of the guinea pig virus was represented as 1:1,000, the mouse virus as 1:100,000, 
and the chick virus as 1:100,000,000. That is to say, the guinea pig virus had 
50 to 100 times greater concentration and infectivity than the horse virus, the 
mouse virus 100 times that of the guinea pig virus, and the chick virus 1,000 
times that of the mouse virus. 


Animals which have recovered from a virus disease or which have survived 
experimental infection with a virus of modified or attenuated activity exhibit 
a certain immunity to a subsequent infection with the same virus. The usual 
antibody responses common to bacteria, such as agglutinins, precipitins, and 
neutralizing antibodies, are likewise elicited by viruses. In some virus diseases 
the immunity may be of long duration, whereas in other cases the immunity 
may be relatively short-lived. We have on the one hand smallpox in which 
immunity usually persists throughout life, and in contrast such virus diseases 
as herpes simplex where frequent recurrence at the site of the preceding lesions 
is almost the rule. In many instances in which immunity for life seems apparent, 
such as poliomyelitis and measles, the initial resistance may be constantly rein- 
forced by successive exposures; in some virus diseases immunity may be the re- 
sult of the omnipresence of a definite but limited number of cells infected with 
the virus. Workers in Dutch Guiana have repeatedly called attention to the 
solid immunity of the Bush Negroes to malaria and the regularity with which 
protozoa are distributed in their blood; the so-called ‘‘premunition’’ of the 
French workers. A similar situation exists in infectious equine anemia of horses, 
a highly infective but noncontagious disease. The virus is present and ap- 
parently multiplies in the circulating blood and has no known special affinities 
for cellular tissues. The minutest quantity of blood will transmit infection and 
disease to a healthy horse. 

Horses which recover from the disease, and there are many, are apparently 
immune from further attack but may carry the virus in their blood for the 
rest of their natural lives and thus become virus reservoirs. As an instance, the 
blood of a horse which had recovered from the spontaneously appearing disease 
when about 5 years old, proved highly infective for horses at frequent intervals 
over a period of fifteen years.. Probably one of the most important factors in the 
epidemiology of virus diseases may be the convalescent carrier. 
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The artificial stimulation of active earned immunity to virus diseases is 
dependent seemingly on the development of methods for the production of the 
virus agents in larger quantities and in a more easily manipulated form. The 
tissue culture preparations are extremely promising in this direction. On the 
other hand, passive immunity against virus diseases has made very little progress. 
The administration to children who have been exposed to measles of convalescent 
serum or the serum of adults who at one time had measles has imparted pro- 
tection. But with the neurotropic viruses, such as poliomyelitis, the clinical use 
of normal adult serum or convalescent serum is of decidedly questionable value, 
vet in vitro such products have exhibited specific neutralizing power. The intra- 
cellular position of viruses once they are established, and the lack of penetration 
by antibodies, are without doubt the mechanism by which the usual beneficial 
effects of antisera are denied the host. 

The portal of entry, the avenue of elimination, and the source of the infec- 
tion are outstanding unsolved enigmas in connection with many of the virus 
diseases. Often transmission is by recognized routes, such as the bite of a rabid 
‘dog, the bite of an infected mosquito, and the inhalation of infected droplets or 
spray; unfortunately, in many instances, such information is woefully lacking. 
One has but to consider poliomyelitis to be impressed with the confusion; there 
is no consensus of opinion regarding the route by which the virus enters the body 
of the susceptible host. In addition, an explanation for such a phenomenon as 
the sporadic appearance of an isolated case of poliomyelitis in a white child in 
India without seeming contact with any other patient with the disease, which 
rarely if ever occurs among the natives, worries the epidemiologist. 

Perhaps the most intriguing field to those interested in virus research is 
the possible association of these agents with neoplasms. The evidence seems 
unequivocal relative to the carcinogenic action of the Shope papilloma virus of 
rabbits, but. the demonstration of a similar etiology in human malignancies is 
a challenge to the student of virus research. 
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FUNGI AND FUNGOUS DISEASES* 


FREDERICK W. SHAw, M.D., Ano J. DouGias Rep, S¢.D. 
RICHMOND, VA. 


HE majority of fungous infections with which the clinician comes in con- 

tact are those which produce superficial lesions of the skin. They are 
caused for the most part by members of the genera Achorion, Microsporum, 
Trichophyton, and Epidermophyton. The widespread infection in this coun- 
try with these dermatomyees and the consequent familiarity with their clinical 
manifestations have made the physician aware of their fungous nature. Diag- 
nosis of the etiologic agent can usually be made by direct microscopic examina- 
tion of scrapings from the lesions. Occasionally this procedure is insufficient for 
identification. A case in point is the differentiation of Microsporum audowni 
and Microsporum lanosum, both of which produce similar structures in the 
tissues, but differ culturally. Clinical differentiation is based on the more in- 
flammatory type of lesion produced by Microsporum lanosum, but it has been 
shown by Dowding and Orr’ that noninflammatory reactions of the tissues 
with this parasite are not uncommon. In such eases identification of species 
is necessary before correct therapeutic procedures can be instituted. Micro- 
sporum lanosum infections respond readily to local treatment with ointments 
and the like, whereas those due to Microsporum audouini can be treated success- 
fully only after epilation. 

Less readily recognized are those mycotie diseases which either occur less 
frequently or produce systemic infection without an initial local lesion that 
might give a clue to the nature of the causative organism. A study of the 
literature reveals the fact that diagnosis in such infections is often delayed con- 
siderably, or in the case of a fatal outeome, determined only at autopsy. With 
the desire to aid the physician and the laboratory worker in the early recog- 
nition and identification of the organisms of these obscure mycotic infections, 
we are presenting a review of the outstanding features of several of them, to- 
gether with some of our own experimental findings. 


CHROMOBLASTOM YCOSIS 


The appearance of the lesions in dermatitis verrucosa (chromoblastomyco- 
sis) is simulated by several infections caused by different etiologic agents. Clin- 
ically it may be confused with tuberculosis cutis, blastomyecosis, and at times 
with Madura foot and coccidioidal granuloma. 

The first case of dermatitis verrucosa from which a black fungus, Phialo- 
phora verrucosa, was isolated was reported by Lane® in 1915. According to 
Emmons and Carrion,*® Pedrosa in South America had isolated a similar fungus 
from a case of verrucous dermatitis in 1911, but the case report was not pub- 

*From the Department of Bacteriology and Parasitology, Medical College of Virginia. 
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lished until 1920. Since these initial reports were made, a number of other 
eases have been added to the literature, the majority having been found in 
South America and Puerto Rico where the disease is apparently more common 
than in this country. Few cases have been reported from the United States. 
But like other types of fungous infections which are little known in this coun- 
try, several of which are mentioned in this paper, their rarity may well be due 
to failure to recognize their fungous nature. 





Fig. 1.—Hormodendrum pedrosoi in tissue section from a case of chromoblastomycosis of 
forearm. (X750.) 


The lesions of chromoblastomyeosis occur most frequently on exposed sur- 
faces of the body, particularly on the feet. Occasionally other parts of the 
body may be attacked. Single cases have been reported where the primary 
infection occurred on the buttocks (Lane?), and on the hand (Carrion,* Martin 
and associates’). Infection may begin as a small, itchy, vesicular skin eruption 
which gradually extends to produce variously sized areas of infection in adja- 
cent tissues. Wartlike, dull red or violaceous nodules form. These nodules 
slowly increase in size, forming papillomatous lesions which may become ul- 
cerated. The disease follows a chronic course and does not appear to have the 
tendency possessed by Blastomyces dermatitidis (Gilchrist and Stokes, 1898) to 
invade other organs of the body. 

The term chromoblastomycosis was coined by South American workers to 
describe the appearance of the organism as seen in tissue preparations. Through 
common usage this name has gained general acceptance, although the causative 
agent is not a blastomycete. Differential diagnosis ean be made by microscopic 
examination of scrapings from the lesions which are mounted in sodium hydrox- 
ide. The organisms appear as rather large, double-walled, brown, spherical 
cells. Transverse septa are noted at times. They are distinguished micro- 
seopically from Blastomyces dermatitidis by their dark color and absence of 
budding forms and from Coccidioides immitis by the absence of endospore for- 
mation. Growth takes place slowly when suitable material is transferred to 
Sabouraud’s dextrose agar. Culturally they appear as black colonies with short 
aerial hyphae, in contrast to the white growth produced initially by Blastomyces 
dermatitidis and Coccidioides immitis. 
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The three species of fungi which have been isolated from the lesions of 
chromoblastomycosis are Phialophora verrucosa (Thaxter, 1915), Hormoden- 
drum pedrosoi* (Brumpt, 1922), and Hormodendrum compactum (Carrion, 
1935). Differentiation has been based on the size, shape, and mode of produc- 
tion of the spores in cultures. In the tissues, however, the cells of all three 
species have a similar appearance. Clinically the lesions produced by Hormo- 
dendrum compactum differ from those usually seen in chromoblastomycosis 
only in the absence of the nodule formation. This species distinction is of 
interest mainly to the mycologist. 

The disease, once having become extensive, is generally considered in- 
curable, but the slowly progressive nature of the infection should allow oppor- 
tunity for experimental work in the therapeutic field. Moderately successful 
results have been obtained by Carrion and Koppisch® who noted extensive healed 
areas and a reduction in the size of the nodules after intravenous treatment 
with large doses of sodium iodide. Martin and co-workers’ reported general 
clinical improvement of the skin lesions following daily iontophoresis treatment 
with copper sulfate for a period of five months. A marked reduction in the 
number of fungi in the lesions occurred. Oral administration of potassium 
iodide and autogenous vaccine therapy, which was also tried in this case, was 
considered of questionable value due to the small amounts given. 


Ki TORULA MENINGITIS 


Central nervous system infection with a yeastlike organism, T'orula his- 
tolytica (Stoddard arid Cutler, 1916) was first reported by von Hansemann’ in 
1905 from Germany. Since that time, additional cases with a wide geographic 
distribution have been observed, bringing to a total of sixty-four the number 
of reports now published. Particularly excellent reviews of many of these cases 
have been written by Freeman*® and Levin.° 

The protean clinical manifestations of meningoencephalitis due to Torula 
histolytica have made the diagnosis of this disease a difficult one. This, and 
the apparent failure of the clinician to bear in mind the possibility of the in- 
vasion of the central nervous system with this organism, have frequently been 
responsible for such initial diagnoses as brain tumor, tuberculous meningitis, 
encephalitis, or cerebrospinal syphilis. Because of this, several writers have 
‘aised the question as to whether this infection may not be less rare than the 
number of cases would lead one to believe. 

Obviously, in a disease which offers such a variety of clinical impressions, 
a definite picture cannot be given, but certain symptoms have been commonly 
reported. At the onset there is an intermittent, frontal headache, often increas- 
ing in severity. Weakness, dizziness, nausea, vomiting, and disturbances of 
vision are frequently noted. The patient is usually afebrile, or at most, a low- 


grade fever is present. Gradual loss of weight and strength are manifest during 


the course of the disease, the duration of which may vary from several weeks 
to a number of years before death oceurs. 

Ante-mortem diagnosis can be made only by examination of the spinal 
fluid. The cell count usually varies between 100 and 500, with a predominance 
of lymphocytes. Yeast cells may be seen at times in the unstained preparations, 
but more satisfactory examination of the spinal fluid can be made with Gram’s 
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stained or India ink preparations. In the former, the yeast cells appear as 
eram-positive oval cells from 5 to 8 microns in diameter; budding forms may 
be seen occasionally. The India ink preparation offers the advantage of making 
the capsular material plainly visible. This capsule appears as a clear halo 
surrounding the thick cell wall and distinguishes the cells of Torula histolytica 
from those of the Monilias with which they might be confused. But the pres- 
ence of a capsule is not alone sufficient proof of their pathologie significance. 
Further study of the organism should be made by culture and animal inocula- 
tion. 





Fig. 2.—Budding cell of Torula histolytica in tissue section of mouse brain. (X3200.) 


The centrifuged spinal fluid sediment should be streaked on Sabouraud’s 
dextrose agar plates and incubated at either 37° C. or at room temperature. The 
initial growth occurs in from forty-eight to seventy-two hours as small, smooth, 
moist, cream-colored colonies which become tan or brown upon aging. The 
cells in the culture are variable in size, ranging from 2 to 10 microns in diameter, 
although larger cells may be seen. Budding cells are numerous. The capsules 
ean be demonstrated in the cultural material by the India ink method. Large 
capsules are found most frequently in the more virulent strains.*° Sugars are 
usually not at all, or only feebly, fermented. 

Mice and rats are the most susceptible of the laboratory animals to infec- 
tion with Torula histolytica. Rabbits and guinea pigs are less so. Intra- 
peritoneal inoculation of a heavy saline suspension of the culture into mice re- 
sults in a generalized infection with constant involvement of the brain and 
meninges.'? Death of the animal usually occurs in from six to eight days, but 
life may be prolonged for several weeks or months.’ At autopsy encapsulated 
iorms can best be demonstrated from the abdominal fluid and less readily so 
from the lungs, liver, spleen, and brain, although the organisms are numerous 
in these organs. 

The route by which Torula histolytica first gains entrance into the human 
body is not known. The general opinion is that the respiratory system is the 
most likely point of initial invasion. 

As yet there is no satisfactory treatment for the infection when it occurs 
in the central nervous system. Intravenous and oral administration of iodides 
has been tried without beneficial effect. All eases to date have been fatal. 
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SYSTEMIC HISTOPLASMOSIS 


The first three Gases of a new disease caused by the parasite, Histoplasma 
capsulatum, were reported by Darling" from Panama -between the years 1906 
and 1908. Due to the appearance of the organism in the tissues obtained at 
autopsy, the disease was believed to be a protozoan one bearing a resemblance 
to kala-azar. Not until DeMonbreun™ in 1934 cultivated the parasite from 
autopsy material was the fungous nature of the disease discovered. Since 
Darling’s initial reports, ten additional cases, all occurring in this country, have 
been added to the literature. Nine of these cases have been reported within 
the last six years, which may indicate that familiarity with the clinical symptoms 
has resulted in the recognition of cases that may have been missed previously. 

The disease affects the reticulo-endothelial system, and it has been suggested 
by DeMonbreun™ that cytomycosis of Darling rather than histoplasmosis of 
Darling would best deseribe the nature of the infection. However, the name 
histoplasmosis has priority and most cases have been reported under this ter- 
minology. 

The onset is of an insidious nature, the chief complaint being weakness and 
loss of weight. Severe sweats, particularly at night, may occur. Splenomegaly, 
hepatomegaly, irregular fever, secondary anemia, leucopenia, and enlargement 
of the superficial lymph nodes are characteristic findings. In cases with the 
above-mentioned symptomatology, the possibility of infection with Histoplasma 
capsulatum should be considered. 

Diagnosis can be made by finding the parasite within the cytoplasm of 
the large endothelial-type cells in blood smears or sternal bone marrow smears. 
When stained by Wright’s method, they appear as bluish or bluish-red, oval 
cells, from 2 to 4 microns in diameter, surrounded by a clear capsular-like sub- 
stance. The cytoplasm is characteristically situated along the side walls or at 
one end of the cells, but the absence of any body resembling a blepharoplast 
distinguishes this parasite from the Leishman-Donovan bodies found in kala- 
azar, with which it might be confused. Few or many of the parasites may be 
found within a single cell. Near the terminus of the infection they are phago- 
eytosed by the polymorphonuclear cells also. The stage of the disease at which 
the parasites appear in the blood in sufficient number to be readily found is not 
known, since in only two eases (Dodd and Tompkins,’* and Reid and co-work- 
ers'®) has antemortem diagnosis been made by blood smear examination. In 
each case the diagnosis was made late in the infection. 

The organisms can be cultivated on such media as Sabouraud’s dextrose 
agar, blood agar slants, or semisolid veal infusion blood agar. Possibly earlier 
diagnosis might be made by the culture of the blood because of the larger 
amounts that can be examined. We have had some indications that this may 
be true from animal experiments that have not yet been published. Two growth 
phases of the organism occur, depending upon the media used and the tempera- 
ture at which the cultures are incubated. In semisolid media or on blood agar 
incubated at 37° C., a yeastlike form develops within from six to ten days and 
may be confused at first with other species of fungi, such as the Saccharomyces 
or Torula, as mycelia do not form readily under these growth conditions. A 
mycelial type of growth occurs when transplants of the yeast form are made 
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to Sabouraud’s dextrose agar and incubated at room temperature. Small 
colonies, with aerial hyphae which give them a downy appearance, are visible, 
usually within a week. The gross appearance of the colony is not diagnostic and 
portions of it should be examined in wet mounts for the developing arthro- 
spores. The older spores of Histoplasma and related species have rather typical 
tuberele-like processes which extend out on all sides of the cell wall giving 
them the appearance of ‘‘ancient Teutonic warclubs.’’'* 


Fig. 3.—Sternal bone marrow smear from a case of histoplasmosis, showing a reticuloendothelial 
cell containing numerous parasites within its cytoplasm. (Wright’s stain, <1000.) 





Determination of the pathogenic nature of the parasite can be made by 
injection of the yeastlike form into suitable experimental animals. Intraperi- 
toneal inoculation into guinea pigs produces a chronic, afebrile, systemic disease 
with pathologic changes not unlike those found in man.** The animals can 
be autopsied after the second week of infection. Stained smears or tissue sec- 
tions of the spleen, liver, lungs, and bone marrow should be examined for the 
parasites which are similar in appearance to those found in the tissues of 
infected human beings. The fungus can also be cultivated from the tissues. 
Monkeys are also susceptible to infection, and puppies and mice less so.‘ Rab- 
bits have thus far proved refractory to infection. 

As only two eases have been diagnosed during life, there is little that can 
be said as to the effectiveness of specific therapy. Symptomatic treatment with 
sodium bicarbonate and blood transfusions as reported by Dodd and Tompkins*® 
gave only temporary improvement. In the case recorded by Reid and his 
associates,*® oral administration of potassium iodide proved of no value. , As 
the diagnosis in both of these cases was made after the parasite had invaded the 
body in massive numbers, little could be expected from the therapeutic meas- 
ures that were tried. In a case reported by Clemens and Barnes,’* in which 
diagnosis was made at autopsy, sulfanilamide was given a brief trial, but the 
absence of clinical improvement caused them to discontinue this form of treat- 
ment. That the use of arsenicals might have a beneficial effect has been sug- 
gested by Shaffer, Shaul, and Mitchell.‘* Their opinion is based on the results 
obtained with arsphenamine by Négre and Bidre in the therapy of human 
epizootic lymphangitis. ‘‘Since some writers have maintained that there is 
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similarity between Cryptococcus farciminosus, the etiological organism of epi- 
zootic lymphangitis, and the-parasitic agent of histoplasmosis, one of the arseni- 
eals might theoretically be indicated in treatment of the latter.’’ 


SUMMARY | 


The clinical symptoms and laboratory a of use in the diagnosis 
a . . . re 
of several of the less commonly recognized mycotic per ipove chromoblastomyco- 


sis, torula meningitis, and systemic histoplasmosis, ar¢ presented. 
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MEDICAL PROBLEMS OF HIGH ALTITUDE FLYING* 
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HISTORICAL DEVELOPMENTS 






T IS interesting to note that while airplanes are of relatively recent origin, 
medical studies of high altitude flying are not. During one of the earliest 

balloon flights, on December 17, 1783, to be exact, the balloonist reported severe 
pains in his ears—the first of a long series of complaints which have during the 
intervening 157 years gradually led to the establishment of aviation medicine (| 
as a recognized specialty of medical science. 

In 1862 Glaisher and Coxwell made a balloon ascent to an altitude of ap- 
proximately 29,000 feet, during which the former noticed a series of strange 
symptoms marked by loss of visual acuity and hearing, paralysis of the legs and 
arms, and finally by unconsciousness. At the same time his companion Coxwell 
also found that his arms were paralyzed but had the presence of mind to seize 
the valve rope with his teeth and start the balloon downward. Glaisher’s pub- 
lished accounts of this and other flights came to the attention of Paul Bert, a 
brilliant French physiologist, who began a study of the effect of decreased 
barometrice pressures. 

Three years later Bert? published his famous ‘‘La pression barometrique.’’ 
This work dealt with increased as well as with decreased atmospheric pressures, 
and the number and accuracy of his experiments and deductions considering 
the facilities with which he had to work are astounding. Bert was the first to 
prove that the principal effect of high altitude was due to the decreased partial 
pressure of oxygen; he carried out innumerable researches concerning carbon 
dioxide in the lungs and blood, and probed deeply into the question of respira- 
tion and blood gases under decreased barometric pressures. In addition, he 
observed many mechanical effects of barometric pressure changes. 

Following the work of Bert there was little or no further work done in this 
field until about the last year of World War I. At the outbreak of that war 
the airplane was not well developed, and it was 1916 before its value as a war 
weapon was fully utilized. With the improved performance of the war planes 
eame the problem of oxygen want at high altitude. While there were many 
in the different countries who studied this problem, their investigations were all 
overshadowed by the researches of E. C. Schneider, who worked in the Army 
Air Service, Medical Research Laboratory at Mineola, Long Island, from 1918 
to 1920. 



































RECENT DEVELOPMENTS 





Between 1920 and 1935 there were but few medical studies on high alti- 
tude flying. Since 1935, however, the amount accomplished has been tremendous. 













*From the Aero Medical Research Laboratory, United States Army Air Corps, Wright 
Field, Dayton. 
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The stimulus that brought about this renewed medical research arose from 
several sources. The principal one of these was the marked climbing ability 
of our newer type airplanes and the desirability of operating at higher levels, 
which has certain marked advantages in both civil and military aviation. In 
civil aviation airplanes develop more speed on less power at altitude, and at the 
higher levels much of the stormy weather and bumpy air is avoided, contributing 
both to the comfort and to the safety of the flight. In military aviation the 
same considerations hold true. In addition altitude is an excellent means of 
concealment and protection from enemy aireraft and antiaircraft artillery fire. 

The rate of climb and the altitude to which a commercial air liner may go 
are limited, however, not by the performance of the airplane but by federal 
regulations designed to protect the passenger. At the present time the allowable 
maximum altitude is 18,000 feet. Thus great care must be exercised during the 
discussion to follow to distinguish between the effects of high altitude flying 
on commercial passengers, limited by regulations as indicated above, and the 
effects on military pilots, limited only by the performance of the airplane or the 
tolerance of the human organism. 

A seeond factor important in this connection is the number of persons who 
may be involved. As of January 1, 1940, there were 31,000 licensed civil pilots 
in this country, and about 20,000 more in training. By January 1, 1941, it is 
estimated that the number of licensed civil pilots will be increased to 50,000 
and by July 1, 1948, to 100,000. In military aviation the number of pilots and 
combat crew members is approximately 10,000, which in the event of a national 
emergency would quickly be increased to well over 100,000. By far the largest 
number of fliers is composed of those commercial passengers carried by air. 
In the past twelve-month period this number amounted to approximately 3,500,- 
000 persons, and represents an increase of 48 per cent over that of the year 
previous. At this rate of increase we may expect over 20,000,000 persons to be 
transported in scheduled and unscheduled air transport operations during the 
next five years. 

CURRENT PROBLEMS 


The current medical problems of high altitude flying depend principally 
on the altitude attained. As a consequence, the problems of commercial air 
transport operations are fewer and less serious than those in military aviation, 
since the former is limited to 18,000 feet. In either instance all the deleterious 
effects of altitude flying are brought about by the decrease in atmospheric tem- 
perature and pressure with ascent. 

The temperature of the atmosphere decreases about 2° C. for each 1,000 
feet of ascent until 35,000 feet has been reached. Above that altitude the 
temperature remains constant at —55° C. 

In spite of winter-flying clothing, personnel begin to suffer at about —10° C. 
The hands and feet are the first parts affected, followed by the back, chest, 
abdomen, and legs in order. At first there are chilly sensations accompanied 
by increased metabolism and muscular restlessness. These chilly sensations 
change to discomfort, and the acuity of touch sensations and muscular reactions 
is dulled. As the cold increases, there is numbing of the parts, producing 
clumsiness of movements. The muscles assume a state of mild tonie contraction 
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which further hampers and restricts free movement. Discomfort changes to 
pain and generalized shivering appears. Voluntary muscular movements become 
sluggish, and finally tissue destruction and death may occur at temperatures of 
-25° to 40° C. 

Very recently Grow? has added a considerable amount of data to our know!l- 
edge of the effect of cold. His attention was first attracted to this problem 
when he observed that the mental state of persons suffering from exposure to 
cold was similar to that of those suffering from anoxia. By animal and human 
experiments he was able to show that such exposure produced lowering of the 
body temperature, slowing of the cireulation and respiration, lowering of the 
oxygen content of the arterial blood (of animals), and tissue anoxemia of both 
animals and man. These findings are particularly significant in aviation due to 
the fact that anoxemia may also occur from decreased atmospheric pressure at 
high altitudes. 

The solution to the problem of cold in high altitude flight is to close and 

heat the cabin. This has been satisfactorily accomplished in civil aireraft and 
to a certain extent in military aviation. 


ANOXTA 


During ascent the composition of the atmospheric air remains constant but 
its total pressure and partial pressure of its component gases decrease. This 
decrease in turn brings about a decrease in the alveolar oxygen tension and in 
the oxygen saturation of the arterial blood. This results in a tissue anoxia to 
which, in aviation, the term ‘‘altitude sickness’’ has been given. 

Objective Symptoms.—During ascent to high altitude there is a point at 
which breathing becomes altered. This varies in different individuals, but it has 
been noted as low as 4,000 feet. At about 12,000 feet altitude the increased 
depth in breathing amounts to between 20 and 100 per cent increase in lung 
ventilation. With further ascent there is a greater increase in depth of breath- 
ing, and at around 20,000 feet each inspiration may amount to 600 to 1,200 
c.c. of air. The rate of respiration changes very little at any altitude and even 
under extreme conditions seldom increases more than 5 breaths per minute. 

Death from altitude sickness in the normal organism is probably always 
due to a failure of the respiratory center. This may occur at different altitudes, 
depending on the duration of exposure. It is believed that an ascent to about 
16,000 feet might eventually prove fatal in some eases. Above this altitude the 
exposure period necessary to produce death is progressively shortened, such that 
at 25,000 feet altitude and above, death may occur at any time after twenty 
to thirty minutes. 

Most of our knowledge concerning the response of the cardiovascular system 
to altitude has been worked out by Schneider and Schneider and Lutz. They 
found that there were two types of reactors: ‘‘fainters’’ and ‘‘nonfainters.’’ 
Of those tested 46.7 per cent were in the former classification and 53.3 per cent 
in the latter. ; 

The fainters are those in whom the lower centers, which control heart rate, 
vascular tone, and the rate and volume of breathing, suffer paralysis before the 
higher or psychic centers are affected. 
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The nonfainters exhibit a failure of the psychic centers before the cardiac, 
vasomotor, and respiratory centers become seriously affected. A majority of 
these individuals sit erect and the physiologic processes continue to function 
normally for a few moments after consciousness is lost. 

During ascent the pulse first begins to react at widely different intervals 
between 4,000 and 14,000 feet altitude. From the initial point of reaction on, 
the pulse tends to increase until the limit of endurance is reached when the 
mean increase of nonfainters is 28 beats, and that of fainters is 26 beats per 
minute. Accelerations of 62 beats per minute have been noted. 

The blood pressure, like the pulse and respiration, may show a beginning 
change at 4,000 feet altitude. During ascent nonfainters may show a gradual 
rise of systolic pressure at altitudes of between 8,000 and 12,000 feet, but be- 
yond that level there is a slow fall with increase in pulse pressure. In fainters 
the blood pressure is characterized by a sudden terminal diastolic fall. At a 
sustained altitude of 8,000 to 16,000 feet the blood pressure tends to return to 
normal values. 

The effect of altitude on the heart is not, as many persons believe, due prin- 
cipally to the increased load but almost entirely to the lack of oxygen supply 
to the heart muscle. While it is true that the pulse rate increases and that in 
some cases the blood pressure rises, these changes are no more noticeable than 
would be seen in mild exercise. The effect of anoxia on the heart muscle is the 
same as that for any other tissue and, as pointed out above, the heart will con- 
tinue to function long after the respiratory centers have become paralyzed. The 
contention that dilatation of the heart frequently occurs from moderate degrees 
of anoxia has been found in error. 


The electrocardiographie changes from anoxia consist essentially of a lower- 
ing or inversion of the T-waves, a depression of the R-T interval, and sometimes 
a deformity of the QRS group. 


With reference to the problem of flight with an abnormal heart we know 
from the experimental results obtained by Schneider and Lutz,* Graybiel, and 
others,* that anoxia has a detrimental effect. The seriousness of the effect is 
proportional not only to the altitude and the duration of exposure but also to the 
amount of cardiac impairment. The type of heart lesion does not seem to be 
as important as the amount of cardiae reserve, nor does the increased demand 
on the heart seem to be as important as the effect of anoxia on the heart muscle. 

The power of the external ocular muscles has been found to be decreased 
above 15,000 feet. Above 15,000 feet visual acuity and light perception become 
lessened, but some vision is retained up to the point of unconsciousness. 

Hearing is usually not affected as quickly as vision, and 16,000 to 18,000 
feet may be reached before this sense is noticeably affected. Above this level, 
however, it decreases rapidly, and at 20,000 feet the noise of the airplane motor 
may be entirely imperceptible. 

At altitudes of about 14,000 feet and above there is a progressive deteriora- 
tion of voluntary muscular control. The first sign to appear is ineoordination 
of the finer muscular movements, followed by slowing of movements, tremor, 
and finally paralysis. 
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By far the most interesting and the most striking objective symptoms of 
altitude sickness are those due to a change in behavior. These have been studied 
extensively by McFarland® both in flight and in the laboratory. 

Most recent writers agree that there are no significant psychologic changes 
from anoxia even during prolonged flights at altitudes below 9,000 feet. Above 
this altitude, however, psychologic changes begin to appear, and the degree of 
change, as in the ease of physiologic processes, is in proportion to both the alti- 
tude and the duration of exposure. These effects consist of a slight decrease in 
immediate memory and the onset of psychologic complaints. At about 14,000 
feet altitude handwriting begins to become impaired, and there may be a change 
in moods, more or less characteristic in each individual; there may be sleepiness, 
lack of volition, and lethargy, or there may be a temporary stimulation with 
euphoria. 

At about 18,000 feet the effects become much more pronounced. At this 
point, in addition to a definite decrease of sensory perception, the impairment 
of neuromuscular control is quite marked, the field of attention is narrowed, 
and the higher mental processes are affected, as indicated by the loss of memory, 
the development of irrational or fixed ideas, and the loss of sound judgment and 
self-criticism. 

Between 20,000 feet and the point at which unconsciousness occurs, the 
psychologic effects are very profound. Simple reaction time tests and simple 
sensory and motor responses become altered. There is a marked loss of neuro- 
muscular control, and there may be twitching, rhythmical movements, or even 
paralysis. Awareness of the lapse of time is lost, as well as volitional control, 
except that there is a great persistence in attempting to carry out an assigned 
task. Explosive emotional outbursts may occur, with periods of laughter, anger, 
or pugnaciousness. 

Subjective Symptoms.—There are few, if any, other conditions known to 
medicine which produce such profound changes in the body, or which may even 
produce death without creating more pronounced subjective manifestations than 
those experienced in acute altitude sickness. In fact, it is not at all unusual for 
a person to become unconscious from the effects of the latter without being aware 
of any change from the normal. However, some individuals do experience 
various mild subjective symptoms during an attack of altitude sickness, and 
many suffer more or less afterwards. 

At altitudes of 12,000 feet or above individuals may react psychologically 
in one of two general ways. Some feel tired, depressed, or sleepy, and tend to 
fall asleep. Others, however, will have the opposite reaction and become euphorie, 
with outbursts of hilarity, uncontrolled laughter, or pugnaciousness which do 
not appear ludicrous or unnatural to the individuals concerned, although they 
are usually aware of their moods. At an altitude of about 25,000 feet coma 
occurs. This comes on rather suddenly but not unpleasantly and usually without 
any subjective warning. 

In contradistinction to the relatively mild or even total absence of subjective 
symptoms while at high altitude, the after effects may be very severe. This ap- 
pears to be due to the fact that the sensory functions of the body return to 
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normal almost immediately upon returning to low altitude, while the other 
general systemic effects tend to persist for some time afterwards, provided the 
anoxia has been very severe, or even in mild eases if it has been prolonged. 

Flying at 10,000 to 12,000 feet for a period of two to four hours is usually 
followed by a dull headache and a sense of fatigue both of which may persist for 
several hours, the fatigue generally being the more prolonged. As the length of 
the flights at the above altitudes increases, the aftereffects increase in proportion 
both in intensity and duration. 

Exposure to an altitude of 15,000 to 18,000 feet for a period of two to six 
hours may be followed by a very severe intractable headache, nausea, vomiting, 
dizziness, mental confusion, muscular weakness, and even complete prostration. 
At higher altitudes these same effects may appear with shorter exposures, until 
at about 24,000 feet fifteen or twenty minutes may be all that is required to 
produce them. The more severe the symptoms the longer they persist, and as 
long as forty-eight to seventy-two hours may be required for complete recovery. 

If oxygen instead of air is breathed at high altitude, the partial pressure of 
the oxygen can be maintained normal and altitude sickness prevented up to 
33,000 feet. Above that altitude the partial pressure drops below normal and 
reaches zero at 50,300 feet,® even while breathing pure oxygen. Between these 
two altitudes all the symptoms of altitude sickness occur, as described above, 
with unconsciousness appearing at about 48,000 feet. From this it is evident 
that even with oxygen high altitude flying is definitely limited. 


DECREASED ATMOSPHERIC PRESSURE 


The decrease of atmospheric pressure with ascent may produce five different 
pathologie states in the body. Three of these are brought about by expansion of 
the gases contained in the body cavities. 

Probably the most frequent difficulty experienced by passengers and pilots 
in flight is with reference to the middle ear. The middle ear is an air-filled 
eavity which is ventilated through the eustachian tube. The eustachian tube 
is normally collapsed with its walls in apposition under ordinary circumstances 
and is open only during swallowing, yawning, and other physiologic acts. As a 
consequence, during a change of altitude either a positive or a negative pressure 
builds up in the middle ear unless the eustachian tube is voluntarily opened. If 
for any reason the eustachian tube is stenosed, which may occur even from a mild 
coryza or pharyngitis, the middle ear cannot be ventilated and a marked change 
of altitude may then rupture the eardrum. 

A like condition occurs with reference to the sinuses when their openings 
are blocked, in whieh ease, during a change of altitude, marked trauma and 
severe pain may develop. 

Another condition which may occur is abdominal distention, since the gastro- 
intestinal gases expand in direct proportion to the decrease of atmospheric pres- 
sure during ascent. 

Since the above-mentioned effects may occur in normal individuals, it is 
obvious that those suffering from various pathologic states may be even more 
adversely affected. Thus any inflammation or infection of the middle ear or the 
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nasal accessory sinuses may be aggravated by flight. Expansion of the gastro- 
intestinal gases will, of course, affect those with hernia, recent abdominal opera- 
tive wounds, gastric or duodenal ulcer, acute or chronie appendicitis, or ob- 
struction of the intestinal tract. 

The fourth pathologie state which may arise in high altitude flight is aero- 
embolism,® a clinical condition in aviation corresponding to compressed air illness 
in deep sea diving. That the compression of an individual followed by a rapid 
decompression would result in illness has been recognized for over one hundred 
years. The exact cause of this condition was not definitely known, however, 
until the investigations of Bert were published in 1878. Bert showed that the 
symptoms were due to the liberation of a gas in the body and that this gas was 
composed chiefly of nitrogen. Aero-embolism is a condition caused by the same 
general process that causes compressed air illness, with the exception that the 
former occurs from compression to 2 or more atmospheres followed by decom- 
pression, while the latter occurs from decompression from 1 atmosphere pressure 
or less. 

During ascent in aircraft, or in any other situation in which the at- 
mospherie pressure is decreased, the internal partial pressure of the body 
nitrogen is above that of the nitrogen in the lungs, and the tissues are, therefore, 
supersaturated. As a consequence, the nitrogen dissolved in the blood begins 
to be liberated in the lungs, the nitrogen in the tissues begins to enter the blood 
stream, and by this dual process the body tends to rid itself of its excess nitrogen. 
If the ascent is slow enough so that the nitrogen in the body can be eliminated 
and not reach approximately double its normal saturation at the prevailing alti- 
tude, nothing unusual will oceur. If, on the other hand, concentration of nitro- 
gen in the body becomes more than double its normal saturation value at any 
altitude pressure, the nitrogen gas will come out of solution and form bubbles to 
which is added some oxygen, carbon dioxide, and water vapor from the surround- 
ing blood and tissues. 

Since the elimination of nitrogen from the body is entirely through the 
blood stream, those parts of the body or those tissues which have the poorest 
blood supply will be the least able to lose their excess nitrogen. The blood is the 
first to lose its excess nitrogen, the body tissues (other than fatty tissues) second, 
and the fatty tissues last, the delay in the latter being due to both its higher 
nitrogen content and to its poorer blood supply. That this is essentially correct 
is indicated by the fact that with rapidly decreased atmospheric pressures, gas 
bubbles are found in the spinal fluid and about the spinal cord at 18,000 feet 
altitude, while bubbles in the blood and body tissues generally have not been 
found below 30,000 feet altitude. 

It is obvious that if one ascended slowly enough to high altitude, the 
nitrogen of the body would be eliminated as fast as it tended to become excessive. 
Therefore, the rate of ascent is important, since the nitrogen content of the 
tissues must be at least twice normal at any given atmospheric pressure before it 
will appear as bubbles. During ascent bubbles first appear in the spinal fluid, 
but at the present time no experimental data have been obtained which give 
the maximum rate of ascent that can be used without these bubbles being 
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formed; it has been calculated that they would develop at any ascent of more 
than 78 feet per minute. 7 

The symptoms of aero-embolism are identical with those of compressed air 
illness and consist principally of joint pains, paralysis, paresis, hyperesthesia, 
embolism, pulmonary edema, and formication, neurodermatitis, or pruritus of 
the skin. 

The treatment, of course, is the returning of the patient to a region of 
higher atmospheric pressure, which in the case of high altitude flight simply 
involves a return to lower altitudes. 

In addition to active treatment there is a prophylactic measure available 
which may be utilized. This consists of the inhalation of pure oxygen for one- 
half to one hour before ascent. This eliminates most of the nitrogen from the 
body and hence the cause of the disease. 


FUTURE TRENDS 


That the cold of high altitude can be controlled by losing and heating 
cabins, that altitude sickness can be controlled up to 33,000 feet by the breathing 
of oxygen, and that attacks of aero-embolism can also be controlled by the 
breathing of oxygen have been indicated. A new method of controlling these 
problems, together with all other clinical entities peculiar to high altitude flight, 
has recently reached the stage of practical development. This involves the use 
of a pressure cabin. It will be recalled that, except for cold, all medical prob- 
lems of high altitude flight arise either directly or indirectly from a decrease 
of atmospheric pressure. From this it should be evident that if an airplane 
cabin were sealed pressure-tight and the contained air maintained at or near 
sea level pressure, all these problems would cease to exist. This theory has been 
tested and found to be successful. 

While pressure-cabin aircraft may differ greatly in details of construction 
and operation, they all incorporate the following general features: Openings 
in the cabin walls, such as windows, doors, and control cables, ete., are sealed 
airtight against the internal positive pressure. An air compressor of some type 
is used to take in atmospheric air, compress it, and force it into the cabin under 
pressure. A cabin exhaust valve is provided to transmit the air in the cabin back 
to the outside atmosphere and thus allow the entrance of fresh air from the com- 
pressor, Strangely enough this system also takes care, to a large extent at least, 
of the high altitude cold, for the incoming air is heated by compression. 

The pressure cabin is ideally suited for use on commercial air lines from the 
passenger standpoint, since it not only eliminates the oxygen question but also 
does away with distressing symptoms from the ears and other parts of the body 
due to barometric pressure changes. From the operator’s standpoint greater 
speed and economy ean be obtained by high altitude flight, provided the flights 
are of sufficient length. Based on present trends, it is believed that trans- 
continental and transoceanic aircraft will practically all be of the pressure- 
eabin type within the next five to eight years, and that within ten to twelve 
years practically all transport lines will operate pressure cabins exclusively. 
This latter is based on the fact that the ear and sinus problems in passengers will 
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always be with us at high or low altitudes until the pressure of the cabin is con- 
trolled within a very narrow range. The pressure-cabin airplane is easily the 
greatest contribution to human comfort and safety in flight that has ever been 


developed. 
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METHODS OF RESUSCITATION* 
RaupH M. Waters, M.D., Mapison, WIs. 


F IT exists, the opportunity to bring the dead to life is rare. The sudden 

acute failure of the function of respiration or of circulation, or both, may 
result in a condition resembling death from which recovery is possible if proper 
measures are promptly instituted. It is to such ‘‘proper measures’’ for the 
restoration of respiration or circulation that the term ‘‘resuscitation’’ is, rightly 
or wrongly, often applied. The abundant margin of safety maintained by nature 
in the ease of almost every other physiologic function is lacking in the matter of 
the transport of oxygen from environmental atmosphere to the tissues. Con- 
tinuous adequate breathing, together with adequate blood flow, constitutes this 
transport mechanism. The total failure of either respiration or circulation must 
be extremely brief if the individual is to survive. 

The length of time during which interruption of oxygen transport may 
be compatible with complete recovery has been the subject of much speculation. 
It depends upon the condition of the cells at the instant of complete interruption 
of transport and varies from a few seconds to nine or ten minutes. The in- 
dividual suffering from severe cardiac decompensation may die within fifteen 
seconds of the initiation of complete respiratory obstruction or after three 
breaths of pure nitrous oxide. At the other extreme, a healthy athlete, after 
a period during which he breathes pure oxygen, may safely stay under water 
for nine or ten minutes. Recovery of the vegetative functions has been reported 


following periods of arrested oxygen transport of considerable duration.» 2? The 
more specialized centers of the central nervous system tolerate oxygen depriva- 
tion poorly. Failure of recovery may be preferable to recovery accompanied 
by blindness, amnesia, idiocy, or other defects of the higher centers. Methods 
of resuscitation to be effective must be instituted promptly and must transport 
oxygen efficiently until normal activity is restored. 


Fisher® traced the evolution of methods of resuscitation. He described, 
in more or less detail, almost a hundred methods, 77 of which were attempts to 
perform artificial respiration, and 18 were designed to re-establish respiration 
by sensory stimulation of one sort or another. With the exception of cardiac or 
vascular massage, which is performed purposely or incidentally in many methods 
of artificial respiration, Fisher mentioned only four procedures involving direct 
attack upon the circulatory system, 

Other than by the replacement of deficient blood volume by intravascular 
fluid injection, it is probable that less than 4 per cent of candidates for resuscita- 
tion can be benefited by direct attempts to replace, restore, or stimulate the cir- 

*From the Department of Anesthesia, University of Wisconsin Medical School. 
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culatory mechanism. 
blood vessels makes for delay and may interfere with efficient artificial respira- 
tion. The intravasecular,. intracardiac, or other administration of so-called 
analeptics, when the tissue cells already suffer oxygen want, may add insult 
to injury. The application of the electric current to re-establish heart action, 
suggested by Snow‘ and others’; the desensitization of the fibrillating heart 
by topical application or vascular injection of procaine, as suggested by Beck*; 
the intracardiac injection of adrenalin, and other specialized procedures demand 
knowledge and equipment not likely to be available under the usual cireum- 
stances when methods of resuscitation are needed. 

Prompt restoration of oxygen, then, to the eells of the central nervous 
system is our primary object. Except in very unusual circumstances, the intro- 
duction of oxygen into the circulation other than through the alveolocapillary 
membrane* * has not proved satisfactory. Prompt, efficient, and yet not 
traumatic or overvigorous, artificial respiration is, therefore, the sheet anchor of 
‘resuscitation. 


ARTIFICIAL RESPIRATION 


If there are 77 different methods of performing a technical procedure (and 

Fisher did not exhaust the literature by any means), it indicates one of two 
things. Either no known method is satisfactory, or the method is of little 
importance compared with the understanding with which the method is applied. 
The latter may be presumed to be the ease with methods of artificial respiration. 
Success was reported by the originator of each of the 77 methods. Why? Un- 
doubtedly some of the individuals ‘‘resuscitated’’ would have re-established 
adequate oxygen transport without treatment. However, the originator of a 
method in every case had devoted time and thought to the problem involved. 
His effort to maintain a substitute for normal respiration was performed in- 
telligently, and the result was satisfactory. However vigorously the chest be 
‘*squeezed’’ or the upper air passages ‘‘ blown into’’—be it by hand or machine— 
unless oxygen is replenished in the alveoli, the result will be valueless. Not 
infrequently has an efficient method of artificial respiration been applied in the 
presence of an obstructed glottis and with negative results. All too frequently 
do we waste valuable seconds or even minutes in procuring a piece of mechanical 
apparatus or a cylinder of oxygen to treat respiratory failure, when our own 
hands or our own respiratory muscles could have been used instantly to coax or 
foree air containing oxygen into the victim’s lungs. 

It is possible, as demonstrated by Robert Hooke in the seventeenth century, 
and popularized by Meltzer and Auer in 1909,° to perform ‘‘respiration without 
respiratory movement.’’ This means that if the deeper air spaces are flushed 
with a continuous stream of air or oxygen, an adequate tension of oxygen can 
be maintained in the alveoli, and the carbon dioxide tension can be kept below 
normal, so that there is insufficient acid stimulus at the respiratory centers to 
initiate movement. Only under unusual circumstances is such a technique of 
replacing normal respiration thought advisable in present-day practice. If 
sudden respiratory arrest is encountered in a viable patient, good practice 


The surgical nature of direct attack upon the heart or 
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dictates that we should initiate rhythmic exchange of alveolar atmosphere at 
once by the most available method at our immediate command. 


TECHNICAL CONSIDERATIONS 


Normal breathing while at rest is accomplished by intermittent exaggera- 
tion of the subatmospheric intrapleural pressure. It is brought about chiefly by 
synchronous contraction of the intercostal muscles and the diaphragm. Under 
stress normal breathing is probably a combination of active alternate increase 
and decrease of pleural pressures. When respiratory muscles cease activity, the 
lungs are held partly filled at atmospheric pressure by the negative pressure in 
the pleural cavities, in spite of the elasticity of lung tissue which is tending 
to collapse the lungs and foree the contained atmosphere out. To maintain 
rhythmie exchange of the atmosphere in the alveoli, three physical changes and 
combinations of these are available: 


I. Intermittent exaggeration of negative intrapleural pressure. 
II. Intermittent increase of pressure in alveolar spaces. 
III. Intermittent decrease of negative intrapleural pressure. 


I. Intermittent Exaggeration of Subatmospheric Pressure.—Silvester in 
1858'° described a manual maneuver which accomplished artificial intermittent 
exaggeration of the negative intrapleural pressure in a manner simulating the 
normal, With a pad under the shoulders and the patient in the supine position, 
the arms are raised’ over the head elevating the ribs, the pleural negative pres- 
sure is increased, and air rushes into the lungs. When the arms are returned 
to the sides, the ribs fall, the pleural pressure becomes less negative, and air 
rushes out of the lungs. He recommended that the arms be pressed against the 
ribs as they are returned to the sides to aid in expiration. 


Woillez previous to 1881,11 and more recently Drinker’? and others, have 
popularized mechanical respirators, surrounding the trunk or the whole body 
below the neck with an airtight box in which the pressure can be intermittently 
reduced, thus raising the ribs and the abdominal wall and imitating the com- 
bined effect of intercostal and diaphragmatic action on the intrapleural pressure 
(see under III). 


II. Intermittent Increase of Pressure in Alveolar Spaces.—The intermittent 
transmission of positive pressure to the alveoli through the air passages was 
probably the first method of artificial respiration described. Several passages 
in the Bible have been so interpreted.’* '* Vesalius maintained respiration by 
this means while he demonstrated the movements of the heart when the anterior 
thoracic wall of animals had been removed. Intermittent direct inflation of 
the lungs by hand pressure on a rubber breathing bag attached to a face mask 
or artificial airway is the common method used by the anesthetist when respira- 
tion ceases. He finds it possible to maintain adequate ventilation in this man- 
ner.) 16 

Numerous mechanical devices have been constructed to inflate the lungs 
intermittently. The fireside bellows is said to have been used by Vesalius. 
Goodwyn in 1786 described an especially made syringe,’’ and every generation 
since that time has had its favorite for the purpose. 
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III. Intermittent Decrease of Negative Intrapleural Pressure.—To decrease 
the negative or subnormal pressure in the pleural cavities and thereby cause 
atmosphere to rush out of the alveoli through the air passages (followed. by 
passive inspiration), the thoracic cage must be made smaller by depressing the 
ribs or pushing the diaphragm upward, or both. The Schafer prone pressure 
manual method of artificial respiration’*® typifies the application of this principle. 
Simple intermittent pressure on the ribs or abdominal wall does the same. 
Mechanical devices by which the trunk or part of it is inclosed in an airtight 
rigid container can be used to decrease the negative intrapleural pressure if 
positive pressure is intermittently applied inside the container. 

The combinations of these three principles of maintaining atmospheric 
exchange are many and varied. Synchronous application of I and II, alterna- 
tion of II and III, and alternation of I and III have been advocated. Accom- 
plishment is suggested by alternating changes of position of the whole body, by 
manual manipulation of various parts, and by cumbersome’ or beautifully 
-intricate?° machines. Hand power, foot power, electric motors, and compressed 
gas, all have been and are being used to motivate such equipment. 


In general, it may be said that manual maneuvers or direct inflation of the 
lungs from the operator’s own respiratory tract have the advantage of instant 
availability and intimate personal relation to the effort, resulting in the likeli- 
hood that the rescuer will more readily appreciate defects in the methods, such 
as an obstructed airway and inadequate or excessive exchange. The actual 
method of performing artificial respiration is relatively immaterial. In cireum- 
stances where the respiratory tract is free of contaminating material, direct in- 
flation of the lungs by blowing intermittently through the patient’s mouth or 
nose is probably the most readily available. The oxygen cylinder, breathing bag, 
and mask ought to be available in hospitals and emergency kits. The Silvester 
method is as efficient as other manual methods.?! If. the tract is contaminated 
by foreign material, as after vomiting or drowning, and suction apparatus is 
not available, the Schafer prone pressure maneuver is safer. The instant appli- 
cation of some method of intermittent exchange, when natural effort ceases, is 
all important. 

Mechanical apparatus is constructed partially of rubber which deteriorates, 
of intricate machinery which gets out of order, of weighty substances which are 
difficult to transport. Delay in the application of apparatus is the rule, not 
the exception. If resuscitation is attempted with apparatus as promptly and 
as intelligently as with manual maneuvers or direct inflation, the result may 
be as good, but not better. The enrichment of the atmosphere with oxygen is 
valuable in either circumstance, and trauma or overventilation,?? as well as 
inadequate atmospheric exchange, may result from our efforts. A mechanical 
respirator is as safe and as efficient as the physiologic intelligence and technical 
skill of the person who operates it and no more so. Comprehension of the physio- 
logie factors involved and intelligent direction of the effort by an experienced 
physician are essential whatever the method employed. 

Whether the rhythmic change in intrathoracic pressure experienced in 
normal breathing has an important influence upon blood flow has never been 
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satisfactorily determined. In desperate circumstances intermittent high pressure 
(40 to 60 mm. of mercury) chest inflation in performing artificial respiration 
with oxygen has been observed to propel blood through the vessels.** Whether 
the usual rational efforts at performing artificial respiration may aid in main- 
taining an adequate blood flow has not been determined. Clinical experience 
leads me to believe that pulmonary cireulation, at least, is influenced by rhythmic 
filling and emptying of the lungs. Attempts to substitute ‘‘respiration without 
respiratory movement’’ during open chest operations have been associated, 
after a period of fifteen or twenty minutes, with cireulatory depression that 
appeared to be dependent upon the absence of the movement of the lungs, since 
circulation seemed to improve when intermittent inflation was résumed. 


RESUSCITATION AND THE PHYSICIAN 


It is obvious that there are many maneuvers capable of maintaining satis- 
factory exchange of the alveolar atmosphere when normal respiration ceases. 
Two factors more important than the method by which exchange is brought 
about are (a) the promptness with which the artificial method is initiated after 
normal activity has ceased; (b) the intelligence and physiologic understanding 
with which the method is applied. Because of a realization of the necessity for 
promptness, lay rescue squads were instituted and trained to function in the 
absence of a physician until one could reach the patient. They have served a 
useful purpose, but, as a result, the medical profession and the public have come 
to look upon ‘‘resuscitation’’ as a nonmediecal effort. Medical schools neglect to 
teach the clinical application of physiologic principles to the care of acute 
respiratory morbidity. Many young physicians come to their internships de- 
pendent solely upon such knowledge and skill as they have gained from their 
Boy Seout training. Practiticners of medicine rush to the telephone to call 
rescue squads from the police and fire departments while patients die who could 
be rescued. To the disgrace of present-day medical education, sudden failure 
of respiration is not a rare cause of death in the wards and operating rooms 
of the modern hospital. 

Medical training must include knowledge and skill in the rapid re-establish- 
ment of a free and open airway. Specific instruction in the anatomy of the 
air passages, as it applies to the transfer of atmosphere to and from the alveoli, 
its advantages and dangers—the nontraumatic 





the use of a simple laryngoscope 
insertion of an artificial airway, the use of suction or gravity to remove contami- 
nating foreign substances, and the physiologie principles of oxygen and carbon 
dioxide transport, all these as well as methods of artificial respiration, must be 
ineluded in the training of a physician. Equipped with such knowledge and 
skill, the physician will instinctively do the right thing in a moment of emer- 
gency. Clearing the airways and accomplishment of exchange will be prompt 
because they are instinctive. Facility in the care of respiratory failure can be 
taught by the department of anesthesiology. Anesthetized patients can be used 
as demonstration material to the advantage of patients as well as students. If 
experience is acquired when no serious emergency exists, the loss of time and 
waste motion characteristic of excited persons in an emergency may be avoided. 








WATERS: METHODS OF RESUSCITATION 


SUMMARY 


‘*Resuscitation’’ is not the resurrection of the dead, but the re-establishment 
of oxygen transport from atmosphere to body tissues when either factor in that 
transport has been suddenly interrupted. 

The restoration of circulation, once it ceases, is rarely possible. Treatment 
directed at the heart and blood vessels other than the injection of blood and 
other fluids is indicated only in unusual circumstances. 

The most logical procedure in emergencies demanding resuscitation is the 
provision of (a) a free and unobstructed airway; and (b) intermittent exchange 
of alveolar atmosphere containing excess oxygen. 


Mechanical devices will rarely be needed if instant intelligent aid is at hand. 
They do not produce more adequate exchange than direct inflation from the 
operator’s own lungs or manual maneuvers, nor higher concentration of oxygen 
than a simple oxygen cylinder, breathing bag and mask, and they may over- 

_ventilate or traumatize the lungs. Their sole advantage is seen in cases requiring 


jong periods of artificial respiration, such as drug poisoning, paralyses, and the 
like, when the operator might become exhausted. Rarely will such cases come 
under the classification of ‘‘resuscitation’’. 

Finally, the re-establishment of the physiologic functions which transport 
oxygen is within the physician’s province. The fact that some doctors even in 
hospital practice are dependent on lay rescue squads is a reflection on medical 
education. 
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“CLINICAL PATHOLOGY: PAST, PRESENT, AND FUTURE* 


Rosert A. Kitpurre, A.M., M.D., ATLANTIC City, N. J. 


VEN the most casual observer must admit that medicine—which includes 

all that pertains to the recognition, management, and control of disease— 
is in a constant state of flux. So many, so varied, and so continual have been 
the advances in the last twenty-five years that the limits of the future may 
almost be thought to be defined only by the limits of the imagination. Par- 
ticularly may this be said of that phase of medicine which has come to be known 
as clinical pathology, at long last officially recognized for what it has long 
been in actuality—a specialized, and highly specialized phase of the practice of 
medicine. 

No one will deny that the first and most important step toward the solu- 
tion of a clinical problem is the recognition of its nature. In other words, 
accurate diagnosis is the essential prerequisite for intelligent treatment. 

When disease could be regarded as a manifestation of the wrath of venge- 
ful gods, diagnosis was indeed an easy matter. But as the centuries rolled on, 
imperceptibly merging the past with the present, human nature became less 
credulous, and concepts of disease less and less associated with dogmatic formu- 
las and more and more dependent upon attempts at the logical and rationalized 
interpretation of observed phenomena. 

Inevitably it came to be realized that it was not enough to give the disease 
a name. And as the realization of the necessity for more than this became 
keener, the more persistent and searching were the endeavors to uncover the 
underlying, basic mechanism upon which the phenomena of disease depend. 
Fascinating as is the story of these developments in retrospect, it cannot be 
told here. For the way was long and devious, the forward steps slow and toil- 
some, and the history of medical progress, though colorful, cannot be told briefly. 
Suffice it to say that each advance made more clear the concept upon which 
modern medicine is based: That just as health, in the last analysis, is a condi- 
tion characterized by perfect and frictionless functional efficiency, so disease, 
on the contrary, is the manifestation of disturbance, alteration, or loss of func- 
tion. ; 

From this concept clinical pathology was derived. For while it is obvious 
that the skilled physician is characterized by the degree to which he has eulti- 
vated his powers of observation as well as—what is equally important—the 
degree to which he has developed ability to interpret the significance of what 
he observes, it is equally obvious that there are inescapable limits to what may 
be ascertained by clinical observation alone. 

Observation, which signifies the accumulation of pertinent data by all or- 
dinary means, may well lead, for example, to the clinical suspicion that the 
patient is a diabetic. But no amount of ordinary observation suffices to demon- 


*From the Laboratories, Atlantic City Hospital. 
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strate the essential, pathognomonic evidence of the disease—hyperglycemia. For 
this, recourse must be had to the specialized methods of the clinical laboratory; 
and so there came into being what, for a time, it was customary to speak of as 
‘‘laboratory medicine’’ in which the ‘‘test’’ was the thing. 

Now while laboratory procedures are best and most properly thought of 
as specialized phases of the examination of the patient, the early days of ‘‘lab- 
oratory medicine’’ present aspects at times suggesting merely an elaboration 
of an older order exemplified by the urologist of the past who, from his stand 
in the market place, from a paucity of data drew pontifical prognostications of 
extraordinary inclusiveness. It seems not altogether unjust to. see some faint 
shadow of his counterpart in the surgeon of old, for whom a white cell and 
differential count plumbed the depths of scientific medicine, or the clinician of 
the same day for whom glycosuria and diabetes were synonymous, and albu- 
minuria made the diagnosis of ‘‘Bright’s disease.”’ 


Medicine, like all human endeavors, has a tendency to go to extremes. If 
this so-called early phase of laboratory medicine evidenced a tendeney to erect 
imposing diagnostic structures upon somewhat slender laboratory foundations, 
the phase that followed was often characterized by a multitude of laboratory 
reports as ipso facto evidence of a prodigal expenditure of all the resourees of 


medical science. 

In this streamlined present we are likely to think of those days as very 
long ago indeed. But it was only in 1924 that MacCarty’ commented that in 
a series of 60,645 patients there were recorded 225,785 laboratory tests, an aver- 
age of over 3 per patient. This shows, MacCarty adds, that ‘‘clinicians recognize 
that the diagnosis of disease is no longer covered by history, inspection, palpa- 
tion, and auscultation.’’ 

It may be further commented that the series in question comprises cases 
seen in a well-organized and outstanding eclinie and that the laboratory proce- 
dures in question may, therefore, well be assumed to have been clearly indicated 
and wisely chosen as likely to be truly informative. This should be emphasized 
for it cannot well be denied, and certainly will not be denied by directors of 
hospital laboratories in general, that such laboratories are not infrequently called 
upon for examinations not always productive of essentially significant data. 
In other words, it can safely be said that a definite number of laboratory reports 
constitute ‘‘routine’’ procedures mainly for record purposes, and that others 
are neither necessarily wisely chosen, truly indicated, nor likely to be productive 
of clinically applicable or utilizable information. 

If there should be a desire to question this, proof can be found in the 
requisitions for ‘*‘blood chemistry,’’ for ‘‘ general examination,’’ and so on, from 
the experience of almost any clinical pathologist. And if this is true of hos- 
pitals where the staff is presumably chosen on the basis of attainments, no com- 
ment is required on the ‘‘office laboratory’’ where the technician of varied train- 
ing reigns supreme even though she may be simply the office attendant trained 
by the clinician. 

Few have been quicker than the clinical pathologist to recognize and decry 
what, later, clinicians perhaps more loudly and frequently proclaimed: That the 
clinical value and utility of laboratory procedures is based essentially upon their 
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critical selection in accordance with the particular clinical problem at hand, and 
equally essentially upon the intelligent and critical evaluation of their results. 
It cannot be overemphasized that the methods of the laboratory are essentially 
specialized phases of the examination of the patient, the purpose of which is to 
detect and to measure alterations in function, the essential phenomena of dis- 
ease whose existence, degree, and intensity can seldom be ascertained in any 
other way. 

Once it is appreciated that the clinical value of any laboratory procedure 
depends, not upon its nature, but upon the interpretation of its results, the 
inevitability of the evolution of the clinical pathologist becomes apparent. For 
as the investigations into the essential and interlocking concomitant phenomena 
of disease embraced a necessarily widening field and developed into more and 
more complex and inclusive phases of physiology, immunology, serology, bio- 
chemistry, and the related phenomena of tissue growth, destruction, and repair, 
‘‘laboratory medicine’’ became less and less primarily concerned with methods 
and technique and more and more focussed upon underlying basie principles 
‘and applications. 

Inevitably the cloistered pathologist of old, engrossed in the study of the 
aftermaths of disease as evidenced in the dead, gave way to the clinical patholo- 
gist whose interest lay in the phenomena of disease and their development and 
progress in the living patient. 

In its early days clinical pathology may well have been regarded as a spe- 
cialty in which it was relatively easy to become skilled and competent, prin- 
cipally because this was largely an era of technical developments and the inter- 


pretation of laboratory procedures seemed relatively simple and well defined. 
But as the field became more and more inclusive, methods more complicated 
as well as more numerous and, particularly, their basic principles more intri- 
cate, clinical pathology became indeed complex, especially in its implications. 
Hence the clinical pathologist worthy of the name was forced to become to 
the limit of his ability an authority upon disease and its varied phenomena. 


The clinical pathologist of today, therefore, is not, nor can he be, defined— 
as once was rather widely held—as an individual characterized mainly by manip- 
ulative dexterity. On the contrary, many an outstanding clinical pathologist 
would be the first to admit that in purely technical aptitude he may well be 
outstripped by many of his technical assistants. His place in modern medicine 
and his value to it rest not upon his ability to ‘‘make tests,’’ but rather upon 
his ability to indicate, first, which avenues of laboratory approach may best be 
suited to the particular clinical problem, and, second, how the phenomena 
demonstrated by their results may best be interpreted in the light of all avail- 
able data. Hence the term ‘‘clinical pathologist,’’ for clinical training and 
clinical experience are essential. While he may learn technical minutia from 
books, just as he may learn signs and symptoms from books, he must learn 
medicine—of which clinical pathology is a phase comprehensive in its impliea- 
tions—at the bedside from a study of the patient. 

That clinical pathology in its most desirable aspects represents a coordina- 
tion of the clinical and laboratory aspects of disease is exemplified by the fact 
that outstanding surgeons and clinicians not infrequently have served an ap- 
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prenticeship in the laboratory, stepping thence into purely clinical fields pre- 
pared to utilize the one to the advantage of the other. In brief, they are good 
clinicians partly, if not largely, because they were first good pathologists. 

It is essential to this concept to reiterate that the clinical pathologist of 
today has little in common with the pathologist of the past. Largely traversing 
an are covering only the laboratory, the museum, and the morgue, the patholo- 
gist of old to no small extent was prone to regard disease as a somewhat abstract 
problem and to study its effects principally from the viewpoint of a fait ac- 
complit. 

It is only within the last quarter of a century that it has become increas- 
ingly apparent that disease must be regarded as a concrete rather than an ab- 
stract entity, and its phenomena studied and evaluated, not when they have 
been accomplished but while their manifestations are still in a state of evolu- 
tion. Obviously, this requires something more than the mere recognition or 
detection of fever, of leucocytosis, of hyperglycemia or azotemia, of agglu- 
tinins, or of the many and varied phenomena which arise from the conflict of 
the forces of attack and those mobilized for bodily defense. Obviously, too, this 
necessitates familiarity with an increasing variety of aspects of disease and its 
concomitant interrelationships. Of this necessity the clinical pathologist came 
into being. 

It may be said that there is little need to repeat here what in part or in 
whole, from this aspect or that, has been frequently said before; that all this 
is well appreciated and that the clinical pathologist is a fixture in modern 
medicine. Has not MacCarty’ said: ‘‘The clinical pathologist of the twen- 


tieth century must know elinical signs and symptoms; morbid anatomy; bac- 
teriological, serological, immunological, physiological, economic, social and psy- 
chological facts connected with the immediate practical problems of disease. . . . 
The greatest pathologist of the twentieth century will be the greatest authoriy 
on disease; and the greatest authority upon disease will be the greatest authority 
whether he be secondarily adept in laboratory methods, teaching, investigation 


or practice.’”’ 

In 1924 MaeCarty? pictured the clinical pathologist of 1940 in these words: 
‘‘The pathologist of 1940 will be the greatest correlator of all the facts about 
disease from the standpoint of the whole patient and not a narrow specialist 
upon some organ or technical laboratory procedure. Such a well-trained pathol- 
ogist with a systematic mind ean direct any laboratory procedure, evaluate the 
procedure and correlate the findings with his physical and psychical examina- 
tions. Such pathologists will, if I see correctly, be the leading medical con- 
sultants in the year 1940. They will know the fundamental differences between 
investigation, teaching and application. They will not mix them quite as in- 
diseriminately as they are mixed today in our efforts to carry on our professional 
activities. ”’ 

Prophecies are always to some extent dangerous for the future is always 
problematic and uncertain. We are now in the year 1940 and may compare 
the actuality with the ideal pictured by MacCarty. On the one hand, it ean 
be said that in some measure, certainly in greater measure than was true in 
1924, the prognostications have borne fruit; it can be said that at least in the 
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intervening period there was much to indicate that the trend of clinical pathol- 
ogy was—if slowly—moving toward the ideal described. 

If,-on the one hand, there are more and more hospital laboratory directors 
whose functions are truly those of coordinators, liaison officers between the lab- 
oratory and the wards, on the other, there are still hospital laboratory directors, 
physicians, who are denied a place on the medical staff; and others—many 
others—who are not physicians and whose training has been essentially purely 
technical. 

Can the present trend continue? What will be the trend of the next quar- 
ter of a century? He would be brave indeed who would attempt to answer 
these questions with any assumption of finality. It is well, however, to take 
stock of the situation and to at least marshal the facts which may well govern 
it in the future. 

It is a matter of fact and record that there are not at present enough com- 
petent and accredited clinical pathologists to go around. This is the reason 
why it is necessary for hospitals to skirt approval, so to speak, by the not 
‘always entirely satisfactory expedient of the part-time pathologist shared by 
several hospitals. It is also the reason for the somewhat anomalous situation 
in which directors of hospital laboratories are neither physicians nor truly elin- 
ical pathologists. 

If the present supply of clinical pathologists is insufficient, what are the 
prospects for the future supply? 

Now it will be admitted that for the development of a clinical pathologist 
as a finished product there must be, first of all, a clinical pathologist in embryo. 
Like physicians in general, clinical pathologists reach their peak of ability and 
skill only after long training’and experience; and, again like physicians in gen- 
eral, not being immortal, they eventually cease to function. If there is need— 
as who can doubt?—for maintaining the strain, not to mention the desira- 
bility of increasing its numbers, they must be replaced as they wear out, and 
such replacement can come only from those who follow willingly in their foot- 
steps. 

It is food for thought that in these United States there are less than 500 
clinical pathologists certified as such by the American Board of Pathology; less 
than 1,000 on the rolls of the American Society of Clinical Pathologists; and 
very probably not more than 2,000 in all engaged, with varying degrees of 
propriety, in this field of medical practice. What provision is there to balance 
the inevitable decrease in these numbers arising from the fact that flesh is 
mortal ? 

It may be admitted, indeed, in these days when the economic aspects of 
medical practice are so constantly, vociferously, and at times even acrimoniously 
discussed—it is being generally admitted—that the practice of medicine has its 
business aspects. Certainly, if there are to be doctors, they and their families 
must be fed, housed, and clothed. This is equally true of those physicians who 
nave chosen to be clinical pathologists. 

If it ean be believed, as it may be, that ‘‘the laborer is worthy of his hire,’’ 
it may well be pertinent to speculate upon the relation of economic aspects to 
the clinical pathologists of the future. For it cannot be denied that in some 
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measure these will be a factor in determining the future supply of clinical 
pathologists. And, if it is true that the trend of the present may, to some de- 
gree, forecast the trend of the future, this may well be pondered upon. 

It seems entirely probable that the clinical pathologist practicing this spe- 
cialty as a private individual will be eventually, if he’is not now, a thing of 
the past. This assumption may be supported by various factors of which the 
following are not the least important: (a) The gradual invasion of the diagnos- 
tic and even the therapeutic phases of medical practice by state boards and de- 
partments of health under the aegis, and with the full encouragement and 
financial support of the Federal government. (b) The even more aggressive 
invasion of medical practice in all its phases by the programs formulated by 
the United States Public Health Service under its Surgeon-General. (c) The 
increasing invasion of medical practice by hospitals and other corporate bodies 
in connection with ‘‘hospital insurance’’ and ‘‘sickness insurance’’ plans. 

While these may be regarded as the spearhead of the attack, among the 
auxiliary forces contributing to the extinction of clinical pathology as a phase 
of the private practice of medicine may be noted: (a) the ‘‘diagnostic’’ labora- 
tory operated by the trained technician; (b) the purely commercially owned and 
operated ‘‘clinieal’’ and/or ‘‘diagnostic’’ laboratory not infrequently attracting 
‘‘husiness’’ by discounts, and so on; (e) the drugstore laboratory doing urinal- 
yses with the help of the directions given in the pharmacopeia. 

It could be truthfully said that these auxiliary forces could not exist nor 
survive except for the support given them by the practicing physician in general. 
But it is of little avail to point this out. If commercial laboratories suffer from 
attrition, it will result from the drain of the ‘‘office laboratory’’ which has 
numerically increased by leaps and bounds since the depression for very obvious, 
and in the main purely economic, reasons. 

In the face of these facts the reluctance of young physicians to enter the 
field of clinical pathology is readily explainable, for at least one of the reasons 
for engaging in the practice of medicine is the belief that it offers chance of 
satisfactory remuneration. While this may come deservedly to the clinical 
pathologist who has achieved through his attainments the status of a coor- 
dinator, correlator, and consultant, or to him who becomes a specialist within 
a specialty—as the tissue or hematologic diagnostician—these must be preceded 
by long years of training. Under present circumstances it is hardly strange 
that small numbers are entering into the field of clinical pathology. It is some- 
what strange that clinical medicine can observe with only little apparent inter- 
est, if not with equanimity at least without outward perturbation, the gradual 
disappearance of a phase of medical practice by attrition through attack on all 
fronts; it is strange because what can happen to any one specialty in medicine 
ean also happen in greater or lesser degree to any other specialty as an individ- 
ualized endeavor. 

It is at times even painfully apparent that clinicians, for one reason or 
another, have shown some tendency to regard the problems of clinical pathology 
with apathy. It is also true, and may well become equally painfully apparent, 
that the problems of medicine as a whole cannot be divided into the problems 
of separate specialties. For just as the specialist cannot safely regard the 
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patient as consisting only of the particular part, organ, or function with which 
the specialty itself is mainly concerned, but must see him as a coordinated, 
interlocking whole, so the physician must look upon medicine as a whole and 
appreciate that what affects it in part may well have repercussions on the whole. 

There are, without doubt, many reasons, some of them not easily defined, 
for the separation of clinical pathology from clinical medicine. It may be 
due in part to persistence of its association in many minds with its purely tech- 
nical aspects; in part, it may arise from the very complexity of the subject 
which tends to make men think, not of clinical pathologists, but of immunolo- 
gists, serologists, biochemists, bacteriologists, tissue diagnosticians, and so on, 
as if all these must necessarily be separate specialties, whereas, in present days, 
the clinical pathologist—if he is to play his proper part in the understanding 
of disease—must be oriented in all of these. 


It must be admitted too, that clinical ‘pathologists have not always been in 
the fore in emphasizing the true status of their specialty and their own status 
_in the field of medical practice. The clinical pathologist, it is true, must by 
his deeds and his accomplishments demonstrate his worth in the general field of 
medical practice and, having done so, is entitled to receive—and, if necessary, 
should demand—the same professional status accorded to the specialist in any 
field. 

As Inglis’? has recently reiterated: ‘‘A well-trained pathologist endowed 
with the true scientific spirit, one who can win the confidence of his clinical 
brethren, will prove to be a boon to any group of practitioners. In competition 
with none, he ean, in his special field, be adviser to them all. If he is of the 
right ealibre he will bring an interest into their work such as they never 
dreamed of, and, should there be some who feel overburdened with monotonous 
routine, he may save them from becoming mere carpenters and pillmongers of 
the profession. To do all this a man must be endowed with high qualities and 
that is why those who are devoted to pathology hope to attract to its ranks the 
very best of our graduates.’’ 

It is well that clinicians at large should be reminded of these facts, for 
clinical pathology is an essential phase of clinical medicine. There is today no 
escape from this important and pertinent fact. 

There has been much discussion of the present trend toward the so-called 
‘‘socialization of medicine.’’ But there has been little apparent interest in, 
and still less apparent appreciation of, the fact that the socialization of clinical 
pathology is well on the way if, indeed, it is not already here in appreciable 
measure. Let it be noted well that when the socialization of one phase of medical 
practice is fully and openly accomplished, the socialization of others will in- 
evitably follow. 

Clinical medicine will do well to regard the present trend of clinical pathol- 
ogy with somewhat less lethargy and equanimity than is customary. It may not 
be altogether the part of wisdom to ignore the present problem of supply and 
demand in the field of pathology, to leave its solution to the future, or to ac- 
cept as a solution the influx of the emigree—unless, of course, it is felt that such 
an influx is an easy and acceptable answer to the problem of medical supply 
and demand. 
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Unless men of proper caliber can be induced to enter the field of clinical 
pathology, to spend the time required for prolonged and essential training, medi- 
cine in general will suffer, and hospitals—which must be looked upon as centers 
of post-graduate training—will be increasingly unable to fulfil the function and 
the destiny which are properly theirs. 

It should be frankly said, as Inglis* has said, ‘‘to choose for responsible 
pathological appointments refugee doctors with inadequate special experience, 
because they are willing to accept the remuneration and status of technicians, 
would be unwise.’’ 

The future of clinical pathology and, indeed, the future of medicine itself, 
may well be said to rest on the lap of the gods and of a Delphian oracle to 
interpret or to prophesy there is no sign. 
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